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(54) Title: METHODS FOR PRODUCING MEMBERS OF SPECIFIC BINDING PAIRS 



(57) Abstract 

A member of a specific binding pair (sbp) is identified by 
expressing DNA encoding a genetically diverse population of such 
sbp members in recombinant host cells in which the sbp members 
are displayed in functional form at the surface of a secreted recom- 
binant genetic display package (rgdp) containing DNA encoding 
the sbp member or a polypeptide component thereof, by virtue of 
the sbp member or a polypeptide component thereof being ex- 
pressed as a fusion with a capsid component of the rgdp. The dis- 
played sbps may be selected by affinity with a complementary sbp 
member, and the DNA recovered from selected rgdps for expres- 
sion of the selected sbp members. Antibody sbp members may be 
thus obtained, with the different chains thereof expressed, one 
fused to the capsid component and the other in free form for asso- 
ciation with the fusion partner polypeptide. A phagemid may be 
used as an expression vector, with said capsid fusion helping to 
package the phagemid DNA. Using this method libraries of DN A 
encoding respective chains of such multimeric sbp members may 
be combined, thereby obtaining a much greater genetic diversity in 
the sbp members than could easily be obtained by conventional 
methods. 
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METHODS FOR PRODUCING MEMBERS OF 
SPECIFIC BINDING PAIRS 

The present: invention relaxes to methods for producing 
z members of specific binding pairs. The present invention 
also relates to the biological binding molecules produced by 
these methods . 

Owing to their high specificity for a given antigen, 
the advent of monoclonal antibodies (Kohler, G. and Milstein 

10 C; 1975 Nature 256 : 495) represented a significant technical 
break-through with important consequences both 
scientifically and commercially. 

Monoclonal antibodies are traditionally made by 
establishing an immortal mammalian cell line which is 

15 derived from a single immunoglobulin producing cell 
secreting one form of a biologically functional antibody 
molecule with a particular specificity. Because the 
antibody- secreting mammalian cell line is immortal, the 
characteristics of the antibody are reproducible from 'batch 

20 to batch. The key properties of monoclonal antibodies are 
their specificity for a particular antigen and the 
reproducibility with which they can be manufactured. 

Structurally, the simplest antibody (IgG) comprises 
four polypeptide chains, two heavy (H) chains and two light 

25 (L) chains inter-connected by disulphide bonds (see figure 
1 ) . The light chains exist in two distinct forms called 
kappa (K) and lambda (AJ . Each chain has a constant region 
(C) and a variable region (V). Each chain is organized into 
a series of domains. The light chains have two domains, 

30 corresponding to the C region and the other to the V region. 
The heavy chains have four domains, one corresponding to the 
V region and three domains (1,2 and 3) in the C region. The 
antibody has two arms ( each arm being a Fab region ) , each of 
which has a VL and a VH region associated with each other. 
35 It is this pair of V regions ( VL and VH ) that differ from 
one antibody to another ( owing to amino acid sequence 
variations), and which together are responsible for 
recognising the antigen and providing an antigen binding 
site ( ABS ) . In even more detail, each V region is made up 
40 from three complementarity determining regions ( CDR ) 
, separated by four framework regions ( FR ) . The CDR's are the 
most variable part of the variable regions, and they perform 
the critical antigen binding function. The CDR regions are 
derived from many potential germ line sequences via a 
45 complex process involving recombination, mutation and 
selection. 

It has been shown that the function of binding antigens 
can be performed by fragments of a whole antibody. Example 
binding fragments are ( i ) the Fab fragment consisting of the 
50 VL, VH, CL and CHI domains; f ii ) the Fd fragment consisting 
of the VH and CHI domains; ( iii ) the Fv fragment consisting 
of the VL and VH domains of a single arm ~of an antibody, 
J_iv) the dAb fragment (Ward, E.S. et al.. Nature 341 , 544- 
d46 (1989) which consists of a VH domain; fv) isolated CDR 
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, - \ -,, K -^ fraaments a bivalent fragment 
regions; ana (vi) r < ab )z J^f^d by a disulphide bridge 
comprising two Fab rragments linked oy 

at the hinge region. fraament are coded 

Although the ^, d ^ n ^ 8 o£ 0 ^ FV p S2S t to make a 

- for by seDarate genes, it has P rov ~ * single 
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protein chain (known as ; single chain Fv^cFvK ^ ^ 

et al.. Science 242, _ 423 426 ^ i i» ' 87g _ 5883 (l9 88)) by 
Proc. Natl. Acad Sc ^ ese US s A cFv -f ra gments were assembled 
10 recombinant methods. These scrv y previously 
from genes from monoclones that had been P a 
isolated... in this W^^f and VL domains 

Z^^rJ^oTZ -en previously 

15 -"Thtlst .-oclonal^ant^ 
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(Clinical Applications of ^P^^^n^M. Publishers 
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^ver 1 : 0 ^ ^^ion - *». e ^ gn 

rodent proteins to humans ?* n „£"£ he refore, these 
hypersensitivity reactions In an ^ b ^s have limited 
rodent-derived monoclonal antibodies 

therapeutic use. _ s _ ect in the isolation of monoclonal 

theoretically need to be sampled in onto J is ci 
producing antibody w lth ^e ^red^p^ 

characteristics (MUstem C. , Roya ^ examplef 

Proc. R. Soc. London B. 239, l io , > > ong 
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time by l^P^fJJf 8 ° f 7 ^ t his is only a small proportion 
to be approximately 10 ana rais. .-.-ifi-ities. However, 
of the potential repertoire , of ^^*^* l ^ 0&vc±aa cell 
during the isolation of a Wcal^antxt^y p ^ ^ 

with a desirea specificity, the: ™esxxg pro blem is 

sample "f,^ 10 ^^ ^ 
I^hocvSe SciSc^es, with the limitation on sumplmg of 
10 3 or 10 4 remaining. al i evi ated to some extent in 

This P ro n b ^ m ls ha b S v use of immunisation regimes, 

laboratory ^» als ^ s "o duce monoclonal antibodies 

Sving rspIcif^itY a r g S ains°t I particular epitope, an animal 
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is immunised with an immunogen expressing that: epitope. The 
animal will then mount an immune response against the 
immunogen and there will be a proliferation of lymphocytes 
which have specificity against the epitope. Owing to this 
proliferation cf lymphocytes with the desired specificity, 
it becomes easier to detect them in the sampling procedure! 
However, this approach is not successful in all cases, as a 
suitable immunogen may not be available. Furthermore where 
one wants to produce human monoclonal antibodies ('eg for 
therapeutic administration as previously discussed ) , such an 
approach is not practically, or ethically, feasible. 

In the last few years, these problems have in part, 
been addressed by the application of recombinant DNA methods 
to the isolation and production of e.g. antibodies and 
15 fragments of antibodies with antigen binding ability, in 
bacteria such as E . coli . 

This simple substitution of immortalised cells with 
bacterial cells as the ' factory' , considerably simplifies 
procedures for preparing large amounts of binding molecules. 
20 Furthermore, a recombinant production system allows scope 
for producing tailor-made antibodies and fragments thereof. 
For example, it is possible to produce chimaeric molecules 
with new combinations of binding and effector functions, 
humanised antibodies (e.g. murine variable regions combined 
25 with human constant domains or murine- antibody CDRs "grafted 
onto a human FR ) and novel antigen-binding molecules. 
Furthermore, the use of polymerase chain reaction (PCR) 
amplification (Saiki, R.K. , et al. , Science 239 , 487-491 
(1988)) to isolate antibody producing sequences from cells 
30 (e.g. hybridomas and B cells) has great potential for 
speeding up the timescale under which specificities can be 
isolated. Amplified VH and VL genes are cloned directly 
into vectors for expression in bacteria or mammalian cells 
■ (Orlandi, R. , et al., 1989, Proc. Natl. Acad. Sci., USA 86, 
35 3833-3837; Ward, E.S., et al,, 1989 supra; Larrick, J.W.,~et 
al., 1989, Biochem. Biophys . Res. Conunun. 160, 1250-1255; 
Sastry, L. et al., 1989, Proc. Natl. Acad. Sci., USA. , 86, 
5728-5732), Soluble antibody fragments secreted from 
bacteria are then screened for binding activities. 
40 However, like the production system based upon 

immortalised cells, the recombinant production system still 
suffers from the selection problems previously discussed and 
therefore relies on animal immunization to increase the 
proportion of cells with desired specificity. Furthermore, 
45 some of these , techniques can exacerbate the screening 
problems. For example, large separate H and L chain 
libraries have been produced from immunized mice and 
combined together in a random combinatorial manner prior to 
screening (Huse, W,D. et al . , 1989, Science 246, 1275-1281, 
d0 W090/14443; WO90/14424 and W090/14430). Crucially however, 
the information held within each cell, namely the original 
pairing of one L chain with one H chain, is lost. This 
loses some, of the advantage gained by using immunization 
protocols in the animal. Currently, only libraries derived 
55 from single VH domains (dAbs; Ward, E.S., et al., 1989, 
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required extensive processing t =° ^nerate only 

with binding activity and j^^e^^cted for antibody 

25 a fraction of the binding acti vity expect 
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that antibody fragments can be s f c ^ te ^ \ ide 9 ( Ske rra, A. 
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<5 domain eg an antibody, surface in a configuration 

etc can be held on he a cterial surfac properties 
wh ich fo«s saving of say^ s a . ^ properties. In 
and selection for clones w bact erial surface is a 
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40 complex structure ^^^^^oSicates the position, 
is an outer wall f urtne * - antibody domain 
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organisms for this type of sc y be n 

surface is a relatively "JJi" JfSnabie t o the practical 
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50 programmes, and they carry genetic .nfornm ^ difficulty 
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expression of arrtibody molecules, but they do not provide a 
teaching which enables the general idea to be carried out. 
For example WO88/06630 does not demonstrate that any 
sequences: (a) have been expressed as a fusion with gene V; 
5 (b) have been expressed on the surface of lambda; and (c) 
have been expressed so that the protein retains biological 
activity. Furthermore there is no teaching on how to screen 
for suitable fusions. Also, since the lambda virions are 
assembled within the cell, the fusion protein would be 

10 expressed intracellularly and would be predicted to be 
inactive. Bass et al. r in December 1990 (after the earliest 
priority date for the present application) describe deleting 
part of gene III of the filamentous bacteriophage M13 and 
inserting the coding sequence for human growth hormone ( hGH ) 

15 into the N-terminal site of the gene. The growth hormone 
displayed by M13 was shown to be functional. (Bass, S., et 
al. Proteins, Structure, Function and Genetics (1990) 8: 
309-314). A functional copy of gene III was always present 
in addition, when" this fusion was expressed. A Protein 

20 Engineering Corporation patent application WO90/02809 
proposes the insertion of the coding sequence for bovine 
pancreatic trypsin inhibitor (BPTI) into gene VIII of M13 . 
However, the proposal was not shown to be operative. * For 
example, there is no demonstration of the expression of BPTI 

25 sequences as fusions with protein VIII and display on the 
surface of M13. Furthermore this document teaches that when 
a fusion is made with gene III, it is necessary to use a 
second synthetic copy of gene III, so that some unaltered 
gene III protein will be present. The embodiments of the 

30 present application do not do this. In embodiments where 
phagemid is rescued with M13K07 gene III deletion phage, 
there is no unaltered gene III present. 

WO90/02809 also teaches that phagemids that do not 
contain the full genome of M13 and require rescue by 

35 coinfection with helper phage are not suitable for these 
purposes because coinfection could lead to recombination . 

In all embodiments where the present applicants have 
used phagemids, they have used a helper phage and the only 
sequences derived from filamentous bacteriophage in the 

40 phagemids are the origin of replication and gene III 
sequences. 

W090/02809 also teaches that their process needed 
information such as nucleotide sequence of the starting 
molecule and its three-dimensioned structure- The use of a 

45 pre-existing repertoire of binding molecules to select for a 
binding member, such as is disclosed herein, for example 
using an immunoglobulin gene repertoire of animals, was not 
disclosed. Further, they dc not discuss favouring 
variegation of their binding molecules in natural blocks of 

50 variation such as CDRs of immunoglobulins, in order to 
favour generation of improved molecules and prevent 
unfavourable variations. W090/02809 also specifically 
excluded the application of their process to the production 
of scFv molbcules . 

55 In each of the above discussed patents (WO88/06630 and 
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WO90/02809), the ^ ^Jc^ of a method for 
polypeptide chain. ™ e re i S n° e dis exDr ession of one 

She display of a dimeric nolecule y ^ ^ Qther 

monomer as a fusion with a capsid p 
5 protein in a free rorm. d in May 1991 ( after the , 

Another disclosure publis hed 1 * application) 

earliest priority date *° r aen £ vi" of M13, the coding 
describes the insertion ^ the Fa b portion of an 

sequences for one of the two chains f ^ & piasmid. 

10 an?ibody with c °- ex P r X^ t °f ted as being expressed as a 
The two chains were a MOnst " te ° a £ ace of the phage (Kang 
functional Fab fragment on the ^ USA , 88 p4363- 

A.S. et al., (199D Proc -^ tl - f the site of insertion into 
4366). No disclosure was made of the s activity by ELISA 
15 gene VIII and the assay for °£ chain rather than for 

used a r»gent specif « ^£3^ in March 1991 (after 
phage. A turtner ux^---- present application; 

?he earliest priority date f or ™£ P f tne AIDS virus 
describes the ^^^^ portion of gene III of the 
20 protein gag into the »-£ x ™££Jg aa of the gag protein 
bacteriophage fd. The ^*^° cal me thods, but it was 
fragment was detected by ^^J^in was expressed m a 
not shown whether or not the or °^in Gene 99 

functional form ( Tsunetsugu-Yokota Y et a 

25 p261-265). bacteriophages in this way is 

The problem of how to use ^acteri p y inserted in to 

in fact a difficult one. The *f Parity of the phage coat 
ihe phage in such a way tha t the integri ty^ sho 
is not undermined, a nd the pr« ^ ±t with respect to 
functional retaining its protein of choice is an 

antigen binding. J h f ^/^^ntfy and correctly and be. 
antibody, it should f old e * ficien \J lving the problem for 
presented for antigen J**ggfc en J 0± „ oul 9 d also provide a 
antibody molecules and *"? men ^ which is a member of a 
general method for any Jiomolecule w . and enzyni e S . 

Specific binding pair e g. receptor ^ abl 

Surprisingly, the ^PP 1 ^ 3 " es and displays at its 
construct a b^ eri °P ha 5?^f fu ^ on l? binding molecule (eg 
surface a large ^logically funct lona ) and wh xch 

antibody fragments, and enzymes a plicanta have called 

remains intact and ^ f *S± 5 "s'a virus particle and a binding 
the structure which prises a viru 3 P , a _ where 
molecule displayed at the viral ^rta ant ibody. derivative 
the binding molecule i*f™ t3 *£l* is homologous to an 
45 or fragment, or a d ° m * in *f£^ ts call the package a 
immunoglobulin domain th ? 0| a ^ r lCl e «ept where the context 
'phage antibody' (pAb). Howev ^l h * an tibody is used 
demands otherwise, where ^ J^jS? as referring to any 
generally, it should al » * ^^ST and a biologically 

50 ts^i^^^^^ - the viral surface - 

oAbs -have a range of ^^^^^ 
55 ^'j^J^^SSs^^ of hybridomas 
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(Orlandi, R. , et al (1989) PNAS 86 p3833-3837), and in the 
screening of large combinatorial libraries ( such as found in 
Huse, W.D. et al., 1989, Science 246 , 1275-1281). In 
particular, rounds of selection using pAbs may help in 
rescuing the higher affinity antibodies from the latter 
libraries. It may be preferable to screen small libraries 
derived from antigen-selected cells (Casali, P., et al., 
(1986) Science 234 p476-479 ) to rescue the original VH/VL 
pairs comprising the Fv region of an antibody. The use of 
pAbs may also allow the construction of entirely synthetic 
antibodies. Furthermore, antibodies may be made which have 
some synthetic sequences e.g. CDRs, and some naturally 
derived sequences. For example, V-gene repertoires could be 
made in vitro by combining un-rearranged V genes, with D and 
15 J segments. Libraries of pAbs could then be selected by 
binding to antigen, hypermutated in vitro in the antigen- 
binding loops or V domain framework regions, and subjected 
to further rounds of selection and mutagenesis. 

As previously discussed, separate H and L chain 
libraries lose the original pairing between the chains. It 
is difficult to make and screen a large enough library for a 
particularly advantageous combination of H and L chains. 

For example, in a mouse there are approximately 10 7 
possible H chains and 10 7 possible L chains. Therefore, 
25 there are 10 14 possible combinations of H and L chains, and 
to test for anything like this number of combinations one 
would have to create and screen a library of about 10 14 
clones. This has not previously been a practical 
possibility. 

30 The present invention provides a number of approaches 

which ameliorate this problem. 

In a first approach, (a random combinatorial approach, 
see examples 20 and 21 ) as large a library as is practically 
possible is created which expresses as many of the 10 14 

35 potential combinations as possible. However, by virtue of 
the expression of the H and L chains on the surface of the 
phage, it is reasonably practicable to select the desired 
combination, from all the generated combinations by affinity 
techniques ( see later for description of selection formats ) . 

40 In a second approach (called a dual combinatorial 

approach by the present applicants, see example 26), a large 
library is created from two smaller libraries for selection 
of the desired combination. This ameliorates the problems 
still further. The approach involves the creation of: (i) a 

45 first library of say 10 7 e.g. H chains which are displayed 
on a bacteriophage ( as a fusion with the protein encoded by 
gene III) which is resistant to e.g. tetracycline; and ( ii ) 
a second library of say 10 7 e.g. L chains in which the 
coding sequences for these light chains are within a plasmid 

oO vector containing an origin of replication for a 
bacteriophage (a phagemid ) which is resistant to e.g. 
ampicillin (i.e. a different antibiotic) and are expressed 
in the periplasmic space of a host bacterium. The first 
library is then used to infect the bacteria containing the 

55 second library to provide 10 14 combinations of H and L 
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chains on the surface of the resulting phage in 
baMr Ae ££™£ n of this approach is that two separate 

i? ,™i i ihe nresent application. This selection will 

(deriving from either the phage or phagemid ) . The ««pw 
15 eluate containing the population is then J^^£* 

nnr«nn S . A first portion is grown on e.g. tetracycline 
elates to select those bacteriophage containing un« ^h?™* 
^chains which are involved in the ^^J?^ v ££?* 
a second portion is grown on e.g. ampicillm plates xo 
20 select thole bacteriophage containing phagemid DNA encoding 
I Sins wSich are involved in the desired antigen binding. 
A set of colonies from individually isolated clones e.g. 
from the tetracycline plates are then used to infect 
soecific colonies e.g. from the ampicillm plates. This 
25 XSS ir T bacteriophage expressing specific 

H and L chains which can then be assayed for antigen 

bindi ?n* a third approach (called a hierarchical dual 
combinational approach by the Present applicant s ) an 
30 individual colony from either the H or L chain cioje 
selected by growth on the antibiotic plates, is used to 
SfS a co y mp?ete library of clones encoding the other c 
(H or L ) . Selection is as described above. This favours 
isolation of the most favourable combination. 
35 S a fourth approach (called a hierarchrical approach 

by the present applicants, see examples 22 and 46 . both 
chains are cloned into the same vector. However, one of the 
cSains which is already known to have desirable 
is kept fixed. A library of the complementary chain is 
inserted into the same vector. Suitable partners for the 
fixed chain are selected following display on the surface of 
bacteriophage.^ ^ ^ ^ ^ ^ 

chances of recovering original pairs, the complexity of the 
combinatorial libraries can be reduced by using small B 
populations of B-lymphocytes selected for b«dxng to a 
desired antigen. The cells provide e g. mRNA or DNA for 
preparing libraries of antibody genes for display on phage . 
This technique can be used in combination with the above 
mentioned four approaches for selection of antibody 

SPeCi phagemSs have been mentioned above. The applicants 
have realised and demonstrated that in many cases phagemids 
w?Il beWferred to phage for cloning antibodies because it 
e p t use t hem to generate more comprehensive 
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libraries of the immune repertoire. This is because the 
phagemid DNA is approximately 100 times more efficient than 
bacteriophage DNA in transforming bacteria ( see example 
19). Also, the use of phagemids gives the ability to vary 
5 the number of gene III binding moecule fusion proteins 
displayed on the surface of the bacteriophage (see example 
17). For example, in a system comprising a bacterial cell 
containing a phagemid encoding a gene III fusion protein and 
infected with a helper phage, induction of expression of the 

10 gene III fusion protein to different extents, will determine 
the number of gene III fusion proteins present in the space 
defined between the inner and outer bacterial membranes 
following superinfection. This will determine the ratio of 
gene III fusion protein to native gene III protein displayed 

15 by the assembled phage. 

Expressing a single fusion protein per virion may aid 
selection of antibody specificities on the basis of affinity 
by avoiding the 'avidity' effect where a phage expressing 
two copies of a low affinity antibody would have the same 

20 apparent affinity as a phage expressing one copy of a higher 
affinity antibody. In some cases however, it will be 
important to display all the gene III molecules derived by 
superinfection of cells containing phagemids to have fusions 
(e.g. for selecting low affinity binding molecules or 

25 improving sensitivity on ELISA ) . One way to do this * is to 
superinfect with a bacteriophage which contains a defective 
gene III. The applicants have therefore developed and used 
a phage which is deleted in gene III. This is completely 
novel . 

30 The demonstration that a functional antigen-binding 

domain can be displayed on the surface of phage, has 
implications beyond the construction of novel antibodies. 
For example, if other protein domains can be displayed at 
the surface of a phage, phage vectors could be used to clone 

35 and select genes by the binding properties of the displayed 
protein. Furthermore, vari.ants of proteins, including 
epitope libraries built into the surface of the protein, 
could be made and readily selected for binding activities. 
In effect, other protein architectures might serve as 

40 "nouvelle" antibodies. 

The technique provides the possibility of building 
antibodies from first principles, taking advantage of the 
structural framework on which the antigen binding loops 
fold. In general, these loops have a limited number of 

45 conformations which generate a variety of binding sites by 
alternative loop combinations and by diverse side chains. 
Recent successes in modelling antigen binding sites augurs 
well for de novo design. in ary case, a high resolution 
structure of the antigen Lz needed. However, the approach 

50 is attractive for makinq e.g. catalytic antibodies, 
particularly for small substrates. Here side chains or 
binding sites for prosthetic groups might be introduced, not 
only to bind selectively to the transition state of the 
substrate, out also to participate directly in bond making 

3 5 and breaking. The only question is whether the antibody 
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architecture, specialised for binding, « ^S^Sj^ 9 
point for building catalysts. Genuine enzyme arcnitectures 
SSSas the triose phosphate isomerase (TIM) barrel, might 
be more suitable. Like antibodies, TIM enzymes also have a 
framework structure (a barrel of p-stranas ana a "^ c ^ 
and loops to bind substrate. Many enzymes with a ^J 53 ^ 
of catalytic properties are based on this architecture and 

he loops rn?ght be manipulated independently on t 
frameworks for design of new catalytic *nd Ending 
oroperties. The phage selection system as provided by the 

uxupej- t-j-<==. f — _ ^, = n -*-i npn binding 



Relent disclosure' ca^ b^ us^d to select for antigen binding 
a^Kries and the CDR loops thus selected, used on either 
an antibody framework or a TIM barrel framework. Loops 
Dlaced on a e.g. a TIM barrel framework could be further 
15 mid??ied by mutagenesis and subjected to further selection. 
SSI there is no need to select for high affinity binding 

activities in a single step. The s-craregy Oi. ^ ^ - 

system! tn which low affinity evolves to high affinity seems 
more realistic and can be mimicked using this invention 
20 One class of molecules that could be useful in this 

type of application are receptors. For example, a specific 
receptor could be displayed on the surface of the phage such, 
that it would bind its ligand. The receptor could then 
modified -by, for example, in vitro mutagenesis and variants 
25 having higher binding affinity for the ligand selected. The 
selection may be carried out according to one or more of the 
formats described below with reference to f igure 2 (which 
refers particularly to pAbs ) in which the pAb antibody is 
replaced with a phage receptor and the antigen with a ligand 

Alternatively, the phage-receptor could be used as the 
basis of a rapid screening system for the binding of 
ligands, altered ligands, or potential drug candidates. The 
advantages of this system namely of simple cloning, 
35 convenient expression, standard reagents and easy handling 
makes the drug screening application particularly 
attractive. In the context of this discussion, receptor 
means a molecule that binds a specific, or group of 
specific, ligand(s). The natural receptor could be 
expressed on the surface of a population of cells, or it 
could be the extracellular domain of such a molecule 
(whether such a form exists naturally or not), or a soluble 
molecule performing a natural binding function m the 
plasma, or within a cell or organ. 

Another possibility, is the display of an enzyme 
molecule or active site of an enzyme molecule on the surface 
of a phage (see examples ii . 12, 30, 31,32 and 36). Once the 
Dhaae enzvme is expressea. it can be selected by 
chromatography, for instance on columns derivatized _ with 
transition state analogues. If an enzyme with o different 
or modified specificity is desired, it may be possible to 
mutate an enzyme displayed as a fusion on bacteriophage and 
then select on a column derivatised with an analogue 
selected to have a higher affinity for an enzyme with the 
desired modified specificity. 
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Although throughout this application , the applicants 
discuss the possibility of screening for higher affinity 
variants of pAbs , they recognise that in some 
applications, for example low affinity chromatography 
5 (Ohlson, S. et al Anal, Biochem. 169, p204-208 (1988)), 
it may be desirable to isolate lower affinity variants. 

Examples 21 and 23 show that the present invention 
provides a way of producing antibodies with low 
affinities (as seen in the primary immune response or in 
10 unimmunised animals ) . This is made possible by 
displaying multiple copies of the antibody on the phage 
surface in association with gene III protein. Thus, pAbs 
allow genes for these antibodies to be isolated and if 
necessary, mutated to provide improved antibodies. 
15 pAbs also allow the selection of antibodies for 

improved stability. It has been noted for many 
antibodies, that yield and stability are improved when 
the antibodies are expressed at 30 °C rather " than 37 °C. 
If pAbs are displayed at 37 °C, only those which are 
20 stable will be available for affinity selection. When 
antibodies are to be used in vivo for therapeutic or 
diagnostic purposes, increased stability would extend the 
half- life of antibodies in circulation. 

Although stability is important for all antibodies 
25 and antibody domains selected using phage, it is 
particularly important for the selection of Fv fragments 
which are formed by the non-covalent association of VH 
and VL fragments. Fv fragments have a tendency to 
dissociate and have a much reduced half-life in 
30 circulation compared to whole antibodies. Fv fragments 
are displayed on the surface of phage, by the association 
of one chain expressed as a gene III protein fusion with 
the complementary chain expressed as a soluble fragment. 
If pairs of chains have a high tendency to dissociate, 
35 they will be much less likely to be selected as pAbs. 
Therefore, the population will be enriched for pairs 
which do associate stably. Although dissociation is less 
of a problem with Fab fragments, selection would also 
occur for Fab fragments which associate stably. pAbs 
40 allow selection for stability to protease attack, only 
those pAbs that are not cleaved by proteases will be 
capable of binding their ligand and therefore populations 
of phage will be enriched for those displaying stable 
antibody domains. 
45 The technique of displaying binding molecules on the 

phage .surface can also be used as a primary cloning 
system. For example, a cDNA library can be constructed 
and inserted into the bacteriophage and this phage 
library screened for the ability to bind a ligand. " The 
o0 ligand/binding molecule combination could include any 
pair of molecules with an ability to specifically bind to 
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one another e.g. receptor /ligand, enzyme/ suosrrate (or 
analogue), nucleic acid binding protein/nucieic acid etc. 
If one member of the complementary pair is available 
this may be a preferred way of isolating a clone for the 

5 other member of the pair. ..^..^ 
it will often be necessary to increase the diversity 
of a population of genes cloned for the display of their 
proteinJ on phage or to mutate an individual nucleotide 
sequence. Although in vitro or in vivo mutagenesis 

10 techniques could be used for either purpose, a 
particularly suitable method would be to use mutator 
strains. A mutator strain is a strain which contains a 
qenetic defect which causes DNA replicated within it to 
be mutated with respect to its parent DNA. Hence if a 

15 population of genes as gene III fusions is introduced 
into these strains it will be further diversif lea^and can 
then be transferred to a non-muraxor strain, ix ^esirs-, 
for display and selection. Example 38 covers the use of 
mutator strains with phage antibodies (an example of in. 

20 vitro mutagenesis and selection of phage antibodies is 
given in example 45). 
Targ eted gene transfer 

A useful and novel set of applications makes use of 

the binding protein on the phage to target the phage 

25 genome to a particular cell or group of cells. For 
example, a pAb specific for a cell surface molecule could 
be used to bind to the target cell via the surface 
molecule. The phage could then be internalised, either 
through the action of the receptor itself or as the 

30 result of another event (e.g. an electrical discharge 
such as in the technique of electroporation ) . The phage 
genome would then be expressed if the relevant control 
siqnals (for transcription and translation and possibly 
replication) were present. This would be particularly 

35 useful if the phage genome contained a sequence whose 
expression was desired in the target cell (along with the 
appropriate expression control sequences). A useful 
sequence might confer antibiotic resistance to the 
recipient cell or label the cell by the expression of its 

40 product (e.g. if the sequence expressed a detectaole gene 
product such as a lucif erase, see White, M, et al, 
Techniques 2(4), pl94-201 (1990)), or confer a particular 
property on the target cell (e.g. if the target cell was 
a tumour cell and the new sequence directed the 

45 expression of a tumour suppressing gene), or express an 
antisense construct designed to turn off a gene or set of 
genes in the target cell, or a gene or gene product 
designed to be toxic to the target cell. 

Alternatively, the sequence whose expression is 
50 desired in the target cell can be encoded on a phagemid. 
The phagemid DNA mav then be incorporated into a phage 
displaying an antibody specific for a cell surface 
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receptor. For example, incorporation may be by 
superinfection of bacteria containing the phagemid, with 
a helper phage whose genome encodes the antibody fragment 
specific for the target ceil- The package is then used 
z ro direcr the phagemid to the target cell. 

This technique of "targeted gene transfer" has a 
number of uses in researcn and also in therapy and 
diagnostics. For example, gene therapy often aims to 
target the replacement gene to a specific cell type that 
10 is deficient in its activity. Targetting pAbs provide a 
means of achieving this. 

In diagnostics, phage specific for particular 
bacteria or groups of bacteria have been used to target 
marker genes, e.g. lucif erase, to the bacterial host 
15 (sec, for example, Ulitzer, S., and Kuhn, J., EPA 
85303913.9). If the host range of the phage is 
appropriate, only those bacteria that are being tested 
for, will be infected by the phage, express the 
lucif erase gene and be detected by the light they emit. 
20 This system has been used to detect the presence of 
Salmonella. One major problem with this approach "is the 
initial isolation of a bacteriophage with the correct 
host range and then the cloning of a lucif erase gene 
cassette into that phage, such that it is functional. 
25 The pAb system allows the luciferase cassette to be 
cloned into a well characterised system ( filamentous 
phage ) and allows simple selection of an appropriate host 
range, by modifying the antibody (or other binding 
molecule) specificity that the pAb encodes. 
30 Th e present applicants have also been able to 

develop novel selection systems and assay formats which 
depend on the unique properties of these replicable 
genetic disolay packages e.g. pAbs. 
TERMINOLOGY 

2 5 Much of the terminology discussed in this section 

has been mentioned in the text where appropriate. 
Specific Binding Pair 

This describes a pair of molecules ( each being a 
member of a specific binding pair ) which are naturally 

40 derived or synthetically produced. One of the pair of 
molecules, has an area on its surface, or a cavity which 
specifically binds to, and is therefore defined as 
complementary with a particular spatial and polar 
organisation of the other molecule, so that the pair have 

45 the property of binding specifically to each other. 
Examples of types of specific, binding pairs are antigen- 
antibody, biotin-avidin , hormone-hormone receptor, 
receptor-ligand, enzyme-substrata , lgG-protein A. 
Multimeric Member 

50 This describes a first polypeptide which will 

associate with at least a second polypeptide, wnen the 
polypeptides are expressed in free form and /or on the 
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surface of a substrate^ 1^1%^ fs^cfa^ 
a bacteriophage. whe ." o , nolvoeDtide complex is a 
ooiypeptides, the ^socxated POlYP^ The dimer, 

aimer, where there are three a «x may 
5 trimer, multimer etc or r ^ ^ ± _ 

comprise a member ot a specie bind ing P domains based 
■ Example niultimeric le^rs are nea on an 

on an immunoglobulin ^p^subunits. 
immunoglobulin molecule T cell r P 

10 Q^n^hla Genetic ^^7^™, mhi T t^- which has 
This describes a bl0 ^ 0 9 ic ^ Article with the 
genetic information prcndxng ^f display on its 

ability to replicate. The idB . The polypeptide 

surface at least part of * po ^^ at:ion native to the 

15 can be encoded 7 placed Sto the particle or 

oarticle and/or artificially p_±*^ ^ 1wwi1;ide mav be any 
kn ancestor of it. Tne ^-^^ r--^ Qr 1±ght 

ssr ^^^ ^^^ — le - an 

20 enzyme or a receptor etc. bacteriophage such 

The particle may be a virus ey- 
as fd or M13. 

^f is describes applicable ^-^fsp^ac^e 
25 in which the particle is kage ma y be 

specific binding pair at its jf^f^'en binding domain 

phage antibody ( pAb ) . 

30 An tibody „„„mhnlin whether natural or 

This describes an » u ^ 10 ^ "™ Tne term also 

partly or wholly !^««tx«lly g^J^^ which is 
covers any protein having * bin ^ d f doma in. These 

35 l^T^r^S^ 1 ^ sources, or partly 
or wholly syntheticallY P^ced. inmunogl obulin isotypes 
and tSTa? A^bC -^rv^, Pd fragments . 

of which have at leas t °J) B constant domain of 

related to that of the variable d ° main conta ins two p- 
immunoglabulin ^^^^^Sphide bond ( see A. F . 
sheers and ^^Stan. Rev Immunol. 6 
45 Williams and A.N. Barclay 

381-405). immunoalobulin superfamily are 

Example memDers of an ^ un °^ reC eDtor ( p.DGFR ) , 
CD4. olatelet derived 9 r ° wr f, ^^^t E xceot where 
intercellular adhesion molecule UCAM) ^ ^ 

^0 the context otherwise dictate in this 
^.S^Ml. i^noglcbulin 
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superfamily and homologs thereof, 
Homologs 

This term indicates polypeptides having the same or 
conserved residues at a corresponding position in their 
5 primary, secondary or tertiary structure* The term also 
extends to two or more nucleotide sequences encoding the 
homologous polypeptides . 

Example homologous peptides are the immunoglobulin 
isotypes. 
10 Functional 

In relation to a sbp member displayed on the surface 
of a rgdp, means that the sbp member is presented in a 
folded form in which its specific binding domain for its 
complementary sbp member is the same or closely analogous 
15 to its native configuration, whereby it exhibits similar 
specificity with respect to the complementary sbp member. 
In this respect, it differs from the peptides of Smith et 
al, supra, which do not have a definite folded 
configuration and can assume a variety of configurations 
20 determined by the complementary members with which they 
may be contacted. 

Genetically diverse population 

In connection with sbp members or polypeptide 

components thereof, this is referring not only to 
25 diversity that can exist in the natural population of 

cells or organisms, but also diversity that can be 

created by artificial mutation in vitro or in vivo . 

Mutation in vitro may for example, involve random 

mutagenesis using oligonucleotides having random 
30 mutations of the sequence desired to be varied. In vivo 

mutagenesis may for example, use mutator strains of host 

microorganisms to harbour the DNA (see Example 38 below). 

Domain 

A domain is a part of a protein that is folded 
3 5 within itself and independently of other parts of the 
same protein and independently of a complementary binding 
member . 
Folded Unit 

This is a specific combination of an a-helix and/or 
40 p-strand and/or p-turn structure. Domains and folded 
units contain structures that bring together amino acids 
that are not adjacent in the primary structure. 
Free Form 

This describes the state of a polypeptide which is 
45 not displayed by a replicable genetic display package. 
Conditionally Defective 

This describes a gene which does not express a 
particular polypeptide under one set of conditions, but 
expresses it under another set of conditions. An 
50 example, is a gene containing an amber mutation expressed 
in non-suppressing or suppressing hosts respectively. 

Alternatively, a gene may express a protein which is 
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defective under one set of f^°H' th *f ^raxure 
another set. An example is a gene 
sensitive mutation. mdon 

suppressi v e TransJ nti ™"lf ^ff^ Q..,- the translation 
5 " This d ilcribes a codon which allows ^ ^ 

of nucleotide sequences ^5™^^ of conditions 
set of conditions but -^^^ o£ su ppressible 
S^^cSS- 0 ^ tf a^er, ochre and opal 
10 codons. 

Muta tor Strain nenetic defect which 

Th is is a host cell ^ n ^ t 8 ^bi «utated with 

causes DNA ^P licat ; d " lthl E n xai ip le mutator strains are 
SSSSL£-« - T lTs a e m e P Example 33). 

Helper Phage _ _ ±s used to infec t cells 

Tms is a - d wn i C h tunctiuiis 

containing a ^^J^^lt^ phage genome can 

S^g^-W ^Wffi' or encoding 
a binding" molecule fused to a capsid protein. 

^°fhis is a DNA ^le ^« St ^ 
host organism, into which a gene is inserre 
a recombinant DNA molecule. 

a vector r ^ ^££S£& '.ST. 

Phaaemid Vector ,» 0 ,-i V pd bv modification of a 

This is a vector derived Dy lication for a 

plasmid genome, containing a .origin of rep ±n q£ 

bacteriophage as well as rne y 
replication. 

„ ith the «n,her of a «UgW- °S«E\3*iol<tad and 

the sbp mender and/or tt^ 1 ^' ce llular cytosol. 

DNA Je^S^h H^^="- 
genes in an animal. The sequences ar g fQr H 

L vivo arrangement of eg V, D^d ^ ^ ^ 
chains and eg the V ana j y t d f rom a cell 

Aiternatively the sequences „ be rearrangement in 

SonS^f^i^occurs intracellular^. 
^^Fcollection of nucleotide eg DNA, sequences within 
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clones . 

Repertoire of Artificially Rearranged Immunoglobulin 
Genes 

A collection of nucleotide eg DNA, sequences derived 
5 wholly or partly from a source other than the rearranged 
immunoglobulin sequences from an animal. This may 
include for example, DNA sequences encoding VH domains by 
combining unrearranged V segments with D and J segments 
and DNA sequences encoding VL domains by combining V and 
10 J segments. 

Part or all of the DNA sequences may be derived by 
oligonucleotide synthesis . 
Secretory Leader Peptide 

This is a sequence of amino acids joined to the N- 
15 terminal end of a polypeptide and which directs movement 
of the polypeptide out of the cytosol. 
Eluant 

This is a solution used to breakdown the linkage 
between two molecules. The linkage can be a non-covalent 
20 or covalent bond(s). The two molecules can be members of 
a sbp. 
Derivative 

This is a substance which derived from a polypeptide 
which is encoded by the DNA within a selected rgdp. The 

25 derivative polypeptide may differ from the encoded 
polypeptide by the addition, deletion, substitution or 
insertion of amino acids, or by the linkage of other 
molecules to the encoded polypetide. These changes may 
be made at the nucleotide or protein level. For example 

30 the encoded polypeptide may be a Fab fragment which is 
then linked to an Fc tail from another source. 
Alternatively markers such as enzymes, flouresceins etc 
may be linked to eg Fab, scFv fragments. 

The present invention provides a method for 

35 producing a replicable genetic display package or 
population such rgdps of which method comprises the steps 
of: 

a ) inserting a nucleotide sequence encoding a member of 
a specific binding pair eg. a binding molecule 

40 within a viral genome; 

b) culturing the virus containing said nucleotide 
sequence, so that said binding molecule is expressed 
and displayed by the virus at its surface. 

The present invention also provides a method for 
45 selecting a rgdp specific for a particular epitope which 
comprises producing a population of such rgdps as 
described above and the additional step of selecting for 
said binding molecule by contac"ing the population with 
said epitope so that individual rgdps with the desired 
50 specificity may bind to said epitope. The method may 
comprise one or more of the additional steps of: (i) 
separating any bound rgdps from the epitope; ( ii ) 
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recovering any separated rgdps and ( iii ^ 
inserted nucleotide sequences from any separa J^SciHe 
a recombinant system to P r ? du °® ™® D1 ™ „ isolate the 
separate from virus. The selection step may «° ^ 
nucleotide sequence e needing the bjjdgj m ° molecule 
desired specificity, by virtue of ^ a \ d ne bl s n u a rfa 9 ce of the 
being expressed in ass °^ x °*"£* Is contained, 

virus in which said encoding nucle ^ D ^^ s a method of 

produSng^^^^ Specific binding pair 

polypeptide chain of -d p f Led to a 

diverse popul a*«n °£ " £ 8 | genetic display 

p^gT ( W°p f ) -^\-L d i P ^ " 
^mS^ 

said ^^ o »^ u S n ? 0 ^ S a\d m^i-r as ^ .of 
chains come together to torn s ° , tide ch ains being 
said rgdp at least one of said P° ly f s ep ^ able of being 
expressed from nucleic acid that is cap b the 

packaged using said <^^ id ^od« a Y said 

genetic material of each saia ty"f 

25 £S"S2?2E£; may be expressed in the same host 

° rgan iK- first and second chains of said multimer may be 
expressed as separate chains from a single 
30 c-t^^^^-SSS^SSi chains may be 
expressed from a phage vector a may be 

expresled^ Hhf^of ' ~. J^,£ffl 
genome, and said component of ^.rgdp i ^ 
40 The method may ^"^^f^Lin. into a host 

50 packaged i" Jjsf ctive^. ^ ^ said first 

and second"' polypeptide chains may be obtained from 
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library of nucleic acid including nucleic acid encoding 
said chain or a population of variants of said chain. 
Both the first and second polypeptide chains may be 
obtained from respective said libraries of nucleic acid. 
3 The preser.t invention also provides a method of 

producing a member of a specific binding pair ( sbp ) , from 
a nucleic acid library including nucleic acid encoding 
said sbp member or a genetically diverse population of 
said type of sbp members, which method comprises: 
10 expressing in recombinant host cells polypeptides 

encoded by said library nucleic acid fused to a 
component of a secreted replicable genetic display 
package ( rgdp ) or in free form for association with 
a polypeptide component of said sbp member which is 
15 expressed as a fusion to said rgdp component so that 

the rgdp displays said sbp member in functional form 
at the surface of the package, said library nucleic 
acid being contained within the host cells in a form 
that is capable of being packaged using said rgdp 
20 component, whereby the genetic material of an rgdp 

displaying an sbp member contains nucleic acid 
encoding said sbp member or a polypeptide component 
thereof . 

The nucleotide sequences for the libraries may be 

25 derived from eg animal spleen cells or peripheral blood 
lymphocytes. Alternatively the nucleotide sequence may 
be derived by the in vitro mutagenesis of an existing 
antibody coding sequence. 

The present invention also provides a method of 

30 producing a member of a specific binding pair (sbp), 
which method comprises: 

expressing in recombinant host cells nucleic acid 
encoding said sbp member or a genetically diverse 
population of said type of sbp member wherein the or 

35 each said sbp member or a polypeptide component 

thereof is expressed as a fusion with a component of 
a secreted replicable genetic display package ( rgdp ) 
which displays said sbp member at the surface of the 
package, nucleic acid encoding said sbp member or a 

40 polypeptide component thereof being contained within 

the host cell in a form that is capable of being 
packaged using said rgdp component whereby the 
genetic material of the. rgdp displaying said sbp 
member encodes " said sbp member or a polypeptide 

45 component thereof, said host organism being a 

mutator strain which introduces genetic diversity 
into the sbp member to produce said mixed 
population. 

The present invention uso provides a method of 
50 producing a memoer of a specific binding pair (sbp), 
which method comprises: 

expressing in recombinant host cells nucleic acid 



WO 92/01047 



PCI7GB91/0U34 



20 



15 



20 



30 



35 



45 



encoding said sbp member or a genetically diverse 
encoding v member wnerem the or 

S3? "23 *5 «S o°r a "polypeptide component 
J" i! expressed as a fusion with a component of 
5 a secreted rep^cable genetic display package < rgdp) 

Sh^h disSlavs said sbo member in functional form at 
tne surface Jf the package, nucleic acid encoding 
said Sp member or I polypeptide c omponen t thereof 
Sing contained within the host cell in a form that 
y . Dackaged using said rgap 

being formed with said fusions in the absence 
e^H ransid exDressed in wild-type form. _ _^ 

The" present invention also provides a ™ _ — 
oroduSng fiber of a specific binding pair (sbp, which 
method comprises: host cells nU cleic acid 

^^^J^^ q% ically ^iverse 

SoT££!E c°ompo S nen? t^reof fused* tc > a component 
a secreted replicable genetic display package 
?U) displays -a*^ «~ ^eTc^Scfd 
eSd& sa!d S s U b r p fa member ^a^ptide component 
SSeo? being contained within the host cell m a 
fSrm that is 9 capable of being packaged using said 
rg^ component whereby the genetic material ■ of thB 
radn displaying an sbp memner or a polypeptide 
component thereof encodes said sbp memoer or a 
PoType^de component thereof, said sbp memoer -or 
oolyStide component thereof being expressed from a 
ohaSmid as a capsid fusion, and a helper pnage, or 
fpiasmid expressing complementing phage genes, is 
used I Song with said capsid fusions to package the 
phagemid nucleic acid. ma „ hP 

The library or genetically diverse population may be 

40 obtained from: r Qf rearranged immunoglobulin 

( genes of an animal immunised with complementary 



Mi) Se^eolrtoire of rearranged immunoglobulin 
r- r,r.+- -immunised with 



genes "of an animal not immunised 
' comolementary sbp member. 

( iii) a reoertoire of artificially rearranged 

(iv) ?SS in or^ffiin homolog gene or 

(v) fSSiure of any of <i>, U±>. £v>^ 
The- capsid protein may be aosent, defective or 
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conditionally defective in the helper phage. 

The host cell may be a mutator strain which 
introduces genetic diversity into the sbp member nucleic 
acid . 

5 The sbp member may comprise a domain which is, or is 

homologous to, an immunoglobulin domain. 

The rgdp may be a bacteriophage, the host a 
bacterium, and said component of the rgdp a capsid 
protein for the bacterophage. The phage may be a 
10 filamentous phage. The phage may be selected from the 
class I phages fd, M13, fl, Ifl, Ike, ZJ/Z, Ff and the 
class II phages Xf , Pfl and Pf3. The phage may be fd or 
a derivative of fd. The derivative may be tetracycline 
resistant. The said sbp member or polypeptide chain 
15 thereof may be expressed as a fusion with the gene III 
capsid protein of phage fd or its counterpart in another 
filamentous phage. The sbp member or polypeptide chain 
thereof may be inserted in the N-terminal region of the 
mature capsid protein downstream of a secretory leader 
20 peptide. The sequence may be inserted after amino acid 
-fl of the mature protein. The site for insertion may be 
flanked by short sequences corresponding to sequences 
which occur at each end of the nucleic acid to. be 
inserted. For example where 4 the protein domain is an 
25 immunoglobulin domain, the insertion site in the phage 
may be flanked by nucleotide sequences which code for the 
first five amino acids and the last five amino acids of 
the Ig domain. Such flanking nucleotide sequences are 
shown in figure 4(2) B and C, wherein the site-flanking 
30 nucleotide sequences encode amino acid sequences QVQLQ 
and VTVSS which occur at either end of the VH domain, or 
QVQLQ and LEIKR which occur at either end of the Fv 
(combined VH + VL ) domain. Each of these sequences 
flanking the insertion site may include a suitable 
35 cleavage site, as shown in Fig 4. 

Alternatively, the flanking nucleotide sequences 
shown in figure 4(2)B and C as described above, may be 
used to flank the insertion site for any nucleic acid to 
be inserted, whether or not that nucleic acid codes an 
40 immunoglobulin. 

The host may be E.coli. 

Nucleic acid encoding an sbp member polypeptide may 
be linked downstream to a viral capsid protein through a 
suppressible translational stop codon. 

45 As previously mentioned, the present invention also 

provides novel selection systems and assay formats. In 
these systems and formats, the gene sequence encoding the 
binding molecule (eg. the antibody; of desired 
specificity is separated from a general population of 

50 rgdps having a range of specifies, by the facr of its 
binding to a specific targer (eg the antigen or epitope). 
Thus the rgdps formed by said expression may be selected 
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•j inH-iT/iduai 3DV meniDer or a 

or screened to provide an ^ividua ^ - associated 
selected mixed population oi : saic sop me d± said 

in their respective rgaps withnu c exc d enc ^ 
- f^'Sa^M complementary to 

Said STgdps bound ^^-^tn 3 ^^ SiS 
recovered by « 8 S«?ed iS oiSr tc "obtain rgdps with 
conditions may be varied in or epitope. 
10 different binding affinities the 

Alternatively, to obtain eg « presented to 

complementary member (eg ™ Seady bound to a 
the population of rgdps (eg pAbs^ ai y a££in±ty 

binding member m .^^.^^e Already bound binding 
15 for the •P^^^SS 1 " contain a molecule which 
member- Thus rne ^ ^^ Ar ,„ +-n 1-he complementary 

competes with saia ^ , ^ - - ^ . ed - sa ^ d 

sbp member. me ryuy i of a m0 xecule 

complementary "stop member ir > the P re /^ c ; in 0 ding to said 
which competes with said P^ge derived from a 

complementary sbp member . N^ 83 ^ to express said sbp 
selected or screened rgdp may he ^ thereof in a 

member or a fragment or ^erivat ^ ^ 

recombinant host organism. Nucleic^cia nucleic 
rgdps may be taken and used to ^ individual sbp 

acid in a further £ ^Lmbers, or encoding 

S^^^^ ^«^";' on r d product may be 

modified to produce a de J^ative th jreo^ Qf may 

be ^"".r? 1 .^-SuSa or prophylactic 

medi T h e^^^^ 

cells harbouring a library of d f ve rse 
comprising fragments encoding a ^«£ a £ ± ^ing pair 

that said sbp members are dl . s P^J e ^ t ic m IS r iai of the 
r gdps in f-^fonn^ ^ S^orT polypeptide 
rgdps encode .he associated s me mbers may be 

comoonent thereof. The type , or V first 
immunoglobulins or ^f"^ 1 ^^ fusion 

xrrzzzs, t^TL^J 

„™ l aC ks nucleic acid encoamg one of its 
whose genome lactcs nucxe nucleic acid thereror 
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protein in defective or conditionally defective form. 

The present invention also provides a bacterial host 
cell containing a filamentous phage genome defective for 
a capsid protein thereof and wherein the host cell is 
5 capable of expressing capsid protein complementing said 
defect such that infectious phage particles can be 
obtained therefrom. The complementing capsid protein may 
be expressed in said host from another vector contained 
therein. The defective capsid protein may be gene III of 
10 phage fd or its counterpart in another filamentous phage. 

The present invention also provides recombinant 
E.coli TGI M13K07 gill No. 3 ( NCTC 12478). 

The present invention also provides a phage antibody 
having the form of a replicable genetic display package 
15 displaying on its surface in functional form a member of 
a specific binding pair or a specific binding domain 
thereof. 

In the above methods, the binding molecule may be an 
antibody, or a domain that is homologous to an' 

20 immunoglobulin- The antibody and/or domain may be either 
naturally derived or synthetic or a combination of both. 
The domain may be a Fab, scFv, Fv dAb or Fd molecule. 
Alternatively, the binding molecule may be an enzyme or 
receptor or fragment, derivative or analogue of any such 

25 enzyme or receptor. Alternatively, the binding molecule 
may be a member of an immunoglobulin superfamily and 
which has a structural form based on an immunoglobulin 
molecule. 

The present invention also provides rgdps as defined 

30 above and members of specific binding pairs eg. binding 
molecules such as antibodies, enzymes, receptors, 
fragments and derivatives thereof, obtainable by use of 
any of the above defined methods. The derivatives may 
comprise memoers of the specific binding pairs fused to 

35 another molecule such as an enzyme or a Fc tail. 

The invention also includes kits for carrying out 
the methods hereof. The kits will include the necessary 
vectors. One such vector will typically have an origin 
of replication for single stranded bacteriophage and 

40 either contain the sbp member nucleic acid or have a 
restriction site for its insertion in the 5 1 end region 
of the mature coding sequence of a phage capsid protein, 
and with a secretory leader coding sequence upstream of 
said site which directs a fusion of the capsid protein 

45 exogenous polypeptide to the periplasmic space. 

The restriction sites in the vectors are preferably 
those of enzymes which cut only rarely in protein coding 
sequences. 

The kit preferably includes a phagemid vector which 
50 may have the above characteristics, or may contain, or 
have a site for insertion, of sbp member nucleic acid for 
expression of the encoded polypeptide in free form. 
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The kits will also contain /"f""^^?"^ 

Ts ssss % ssssz STSL £ MS 

10 -HFS^s^oV^ceL e^do^s 

of antibodies; and ^ rt ^ e s 1 to these 

(ii ) primers including tag J restriction 

1 Homologous sequences [ .^ c ^ n ^^\ 0 lttllr with 
sites to allow inaertxon_xnto ^tors^to^e^ ^ ^ 

sequences to axxow a*,***—** ----- Fab 
regions to enable expression as Fv, scrv 

f UI Srs tS and enzymes are typically - d to enjb le 
preparation of nuc^«o*±^ seq^^-enoo^S ^ jSng^d 
Fab fragments derxved from re a* ran 9 ea °J stra tegies 
immunoglobulin genes according to the stra g 

deSCr Tn S e d Slants have chosen the *J^™% 0 " f 
specific bacteriophages as ^^^{^isffay of 
phage which could provxde , a J"*" 5 ** fo * J b oV fragments 

a^e^^^ 

subsequent selection and manipulation. ^ 

^.wre S«-„3 - -i - 

host cell and they are ^ 1 C "*™ 1 -erttoUon, W.H. 
recombinant DNA (^f-^^^^^B^ 11 ^ 'single 

35 Freeman and Co., ban tranLia^, 

stranded DNA J^^KSSSF -Lir.™ SLre it 
extruded through B " ct ~ produce mature virions, 

sequesters capsid sub-uni ts , to proa length and 

These virions are 6 nm in ^^^{J^lt th l major 
40 each contain approximately 2 800 ™^ es « and four 

coat P*°"f t £ e *£ rp g on ^ lolecuTe gene III protein 
TS^thVlItt^ « bTw -er f ef air-i??B 

45 r„%heTi^gle landed 

Xvo^d^^ndS^ the^hagTto the bacterial 

&^ 1 rJS£kt l rSS'-^: ^ applicants have 
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recognized that gene III of phage fd is an attractive 
possibility for the insertion of biologically active 
foreign sequences. There are however, other candidate 
sites including for example gene VIII and gene VI. 
5 The protein itself is only a minor component of the 

phage coat and disruption of the gene does not lead to 
cell death (Smith, G. 1988, Virology 167 : 156-165). 
Furthermore, it is possible to insert some foreign 
sequences (with no biological function) into various 
10 positions within this gene (Smith, G. 1985 Science 228 : 
1315-1317., Parmley, S.F. and Smith, G.P. Gene: 73 (1988) 
p. 305-318. , and de la Cruz, V.F., et al., 1988, J. Biol. 
Chem., 263 : 4318-4322). Smith et al described the 
display of peptides on the outer surface of phage but 
15 they did not describe the display of protein domains. 
Peptides can adopt a range of structures which can be 
different when in free solution, than when bound to, for 
example, an antibody, or when forming part of a protein 
(Stanfield, R.I. et al., (1990) Science 248 , p712-719). 
20 Proteins in general have a well defined tertiary 
structure and perform their biological function only when 
adopting this structure. For example, the structure _af 
the antibody D1.3 has been solved in the free form and 
when bound to antigen (Bhat, T.N. et al. , (1990) Nature 
25 347, p483-485). The gross structure of the protein is 
identical in each instance with only minor variations 
around the binding site for the antigen. Other proteins 
have more substantial conformation changes on binding of 
ligand, for instance the enzymes hexokinase and pyruvate 
30 dehydrogenase during their catalytic cycle, but they 
still retain their overall pattern of folding. This 
structural integrity is not confined to whole proteins, 
but is exhibited by protein domains. This leads to the 
concept of a folded unit which is part of a protein, 
35 often a domain, which has a well defined primary, 
secondary and tertiary structure and which retains the 
same overall folding pattern whether binding to a binding 
partner or not. The only gene sequence that Smith et 
al., described that was of sufficient size to encode a 
40 domain (a minimum of perhaps 50 amino acids) was a 335bp 
fragment of a 0-galctrosidase corresponding to 
nucleotides 861-1195 in the p-galactosidase gene sequence 
(Parmley, S. + Smith, G.P. 1988 supra. This would encode 
112 amino acids of a much larger 380 amino acid domain. 
45 Therefore, prior to the present application, no 
substantially complete domain or folded unit had been 
displayed on phage. In these cases, although the 
infectivity of the virion was disrupted, the inserted 
sequences could be detected on the phage surface by use 
50 of e.g. antibodies. 

The protein encoded by gene III has several domains 
(Pratt, D . , et al . , 1969 Virology 39:42-53., Grant, R.A. , 
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I' ^'-^S^t^r^^- P-ein - f e cell 

membrane and which is then cleaved off, ^> cell 

that anchors the mature P*°^ and ( iii ) a domain 

membrane (and also the phage .coat ) , and Uu J 
that specifically binds t the phage recept _ ^ 

pilus of the ^ le8 1Se™een inserted ^into two places 
from protein molecules have r>een x S u D ra., and 

within the mature molecule (Smxth G 19 « 

Parmley, S.F. ana Smith G.P. , "JJ^n amino acids 2 and 
an inter-domain region and also between n _ 

3 at the N-terminus successful in maintaining the 
terminus were more s " c f ce J^ UX aene 1Z1 protein and 

15 structural integrity of the Jjne ix P ^ ^ 
displaying the peptides °^the^surf ace.ot^ 

use of antisera speuxi^ — "u rtT ™ he on the 

inserted into -his position ^-^^ ^ to 
surface of the phage. T^fautno However, the 

20 purify the phage, using P roper £ d not possess 

nentides expressed by the phage, aia iiu 

it is expressed ^ J "fj ca x f£ demands on the structure 
natural state is difficult. The aemano* retain ing the 
of the molecule are heavy. In conttwrt^ retain g 

ability to be tha 
nrocess which imposes far xess . th rule 

proteins on Western blots ( see f or ^ anua i, cold 

and Lane, D. , Antibodies, a 1988 t Therefore , the 
Spring Harbor Laboratory Press 1988 ) . ine 5J their 

the region f 1 ^"^^!^ region is suitable for the 

and does not teach thai : the regio structural 

40 con^S?n~ of • ^es 

no f ?eacf t^^Si oT^ed un^ ns can he 
fs ^riencT^^ a graphic 

45 practice! deration -""i.?^^ 

50 been manipulated to expre ss mem brane protein 

SST" tS ^Srgirreceptor was expressed in * 
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iunctionai form as determined by the presence of binding 
activity. However, when an equivalent antibody fusion 
was made with lamB, the antibody fusion was toxic to the 
host ceil. 

The applicants have investigated the possibility of 
inserting the gene coding sequence for biologically 
active antibody fragments into the gene III region of fd 
to express a large fusion protein* As is apparent from 
the previous discussion, this approach makes onerous 
demands on the functionality of the fusion protein. The 
insertion is large, encoding antibody fragments of at 
least 100-200 amino acids; the antibody derived domain 
must fold efficiently and correctly to display antigen- 
binding; and most of the functions of gene III must be 
15 retained. The applicants approach to the construction of 
the fusion molecule was designed to minimise the risk of 
disrupting these functions. In an embodiment of the 
invention, the initial vector used was fd-tet (Zacher, 
A.N., et al., 1980, Gene 9, 127-140) a tetracycline 
20 resistant version of fd bacteriophage that can be 
propagated as a plasmid that confers tetracycline 
resistance to the infected E.coli host. The applicants 
chose to insert after the signal sequence of the fd gene 
III protein for several reasons. In particular, the 
25 applicants chose to insert after amino acid 1 of the 
mature protein to retain the context for the signal 
peptidase cleavage. To retain the structure and function 
of gene III itself, the majority of the original amino 
acids are synthesized after the inserted immunoglobulin 
30 sequences. The inserted immunoglobulin sequences were 
designed to include residues from the switch region that 
links VH-VL to CH1-CL ( Lesk, A. , and Chothia, C, Nature 
335, 188-190, 1988). 

Surprisingly, by manipulating gene III of 
3d bacteriophage fd, the present applicants have been able 
to construct a bacteriophage that displays on its surface 
large biologically functional antibody, enzvme, and 
receptor molecules whilst remaining intact and 
infectious. Furthermore, the phages bearina antibodies 
40 of desired specificity, can be selected from a background 
of phages not showing this specificity. 

The sequences coding for a population of antibody 
molecules and for insertion into the vector to give 
expression of antibody binding functions on the phage 
45 surface can be derived from a variety of sources. For 
example, immunised or non- immunised rodents or humans, 
and from organs such as spleen and peripheral blood 
lymphocytes. The coding sequences are derived from these 
sources by techniques familiar to those skilled in the 
50 art (Orlandi, R. , et al . , 1989 supra; Larrick, J.W., et 
al., 1989 supra; Chiang, Y.L., et al., 1989 Bio 
Techniques 7, p. 360-366; Ward, E.S, et al., 1989 supra; 
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Sastry, L. , et al., 1989 supra. ' o 

strategies describee m « f^ies 7, 25, 33. 39 
Novel strategies are aescrxbea ^ f ^J^ 3 ' Fab and Fv 
and 40 for displaying dimeric ~J«=ules^ ^ al pAb 

Tespec^ is 

l0 ^^^^^^^^^^ 
technology relating to laments and derivatives by the 
binding molecules, their fragments a 

use of recombinant methods . techniques for the 

in standard "J;^""^^ "vector containing 
15 production of antibodies stm polypeptide chains is 
sequences coding for the J^xbody^ po yp polypeptides 
used to transform e.g. _ f stan dard screening 

are expressed and detected by ^ o£ po ivpeptide 
systems. When the screen .aetect an antxbody^yp^ ^ 

20 of the desired s e eclf i% ty ' ° ^expressing the desired 
particular transformed jxprejs g containing 

antibody polypeptide Furth ^re ^ peptide 

^^to tt 3rSl^^^- ^om E.coli in further 
25 ^Tn^hrpresent invention howeve^ : the de s^ed 
antibody polypeptide when expressed ^ *f jady J nen % he 
with its gene coding sequence. This mea is 
an antibody POlYP«P* ld « ^^J^ to the original 
.selected, there is no "^^J^™ Furthermore, in 

culture *°*J^*^£j£*r£SS££;* techniques, each 
previous methods in stanaara « needs to b e screened 

S^Ur X^rlc^n, o* Cones 

from an enriched pool. novel structure that 

Because a rgdp ( eg a pAbl ^ pair (eg . an 

displays a member of ! a ^pecix specificity) at 

antibody of ^^^i^^^p^rBSlicabre structure 
the surface of a f^^gj"^ or ma?ion encoding the 
also containing th f 9 en ^ C fa £d ° to the complementary 
member, rgdps eg pAbs , °im uo } can be 

member of the specific nxnding P*^ (e g e i u ting off the 
recovered very ef f iciently y eit to ^Xlaline, high 
complementary ^ember «^ f «£^ 0 SS?ria, or by 
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and some diagnostic tests, it is advantageous to use 
polyclonal antibodies or antibody fragments. The present 
invention allows this to be achieved by either selection 
of an enriched pool of pAbs with desired properties or by 
5 mixing individually isolated clones with desired 
properties. The antibodies or antibody fragments may 
then be expressed in soluble form if desired. Such a 
selected polyclonal pAb population can be grown from 
stocks of phage, bacteria containing phagemids or 
10 bacteria expressing soluble fragments derived from the 
selected polyclonal population. Thus a reagent 
equivalent to a polyclonal antiserum is created which can 
be replicated and routinely manufactured in culture 
without use of animals. 
15 SELECTION FORMATS AND AFFINITY MATURATION 

Individual rgdps eg pAbs expressing the desired 
specificity eg for an antigen, can be isolated from the 
complex library using the conventional screening 
techniques (e.g. as described in Harlow, E. , and Lane, 
20 D., 1988, supra Gherardi, E et al. 1990. J. Immunol, 
meth. 126 p61-68 ) . 

The applicants have also devised a series of novel 
selection techniques that are practicable only because of 
the unique properties of rgdps. The general outline of 
25 some screening procedures is illustrated in figure 2 
using pAbs as an example type of rgdp. 

The population/library of pAbs to be screened could 
be generated from immunised or other animals; or- be 
created in vitro by mutagenising pre-existing phage 
30 antibodies (using techniques well-known in the art such 
as oligonucleotide directed mutagenesis (Sambrook, J., et 
al., 1989 Molecular Cloning a Laboratory Manual, Cold 
Spring Harbor Laboratory Press ) . This population can be 
screened in one or more of the formats described below 
35 with reference to figure 2, to derive those individual 
pAbs whose antigen binding properties are different from 
sample c. 
Binding Elution 

Figure 2(i) shows antigen ( ag ) bound to a solid 
40 surface (s) the solid surface (s) may be provided by a 
petri dish, chromatography beads, magnetic beads and the 
like. The population/ library of pAbs is then passed over 
the ag, and those individuals p that bind are retained 
after washing, and optionally detected with detection 
45 system d. A detection system based upon anti-fd antisera 
is illustrated in more derail below in example 4. If 
samples of bound popularion p are removed under 
increasingly stringent conditions, the binding affinity 
represented in each sample will increase. Conditions of 
50 increased stringency can be obtained, for example, by 
increasing the time of soaking or changing the pH of the 
soak solution, etc. 
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Competition fioure 2 (ii) antigen ag can be 

bound to T?;-£S^ ZtE 

original binding "J^ule c "J, P fs offered to the 
5 P Ab (or a set of n J^ affinity for antigen 

complex, onl y . th °^ d that In ha m V o S t Samples, only a minority 
ag than c will bind. in mo s p individuals from 
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receptor and o the f/^^^^rrictjrally to the 
15 bound population p is then reia h± type Q f 
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pharmaceutical industry. . ation is where ag is an 

Another advantageous application ^s w^er y 

20 antibody and c its antigen. Tl *\ n ™£°™ whtch have 

SS^ii"^"-^ 52 ^ 1 - diJnostic and 

pharmaceutical industries. ^ directly for 

25 anti-iLo^^^ 
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Carter, P. et al. , 1985 Nuci. < * antig iH and used to 
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45 SSSS SSST -Jerna^ively -.J^^ 
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individuals are bound to allow detection via conventional 
techniques * 

The preferred method for selection of a phage 
displaying a protein molecule with a desired specificity 
5 or affinity wil.. often be elution from an affinity matrix 
with a ligand ( eg example 21 ) . Elution with increasing 
concentrations of ligand should elute phage displaying 
binding molecules of increasing affinity. However, when 
eg a pAb binds to its antigen with high affinity or 
10 avidity (or another protein to its binding partner) it 
may not be possible to elute the pAb from an affinity 
matrix with molecule related to the antigen. 
Alternatively, there may be no suitable specific eluting 
molecule that can be prepared in sufficiently high 
15 concentration. In these cases it is necessary to use an 
elution method which is not specific to eg the antigen- 
antibody complex. Some of the non-specific elution 
methods generally used reduce phage viability for 
instance, phage viability is reduced with time at pH12 
20 (Rossomando, E.F. and Zinder N.D. J. Mol.Biol. 36 387-399 
19 68). There may be interactions between eg antibodies 
and affinity matrices which cannot be disrupted without 
completely removing phage infectivity. In these cases a 
method is required to elute phage which does not rely on 
25 disruption of eg the antibody - antigen interaction.. A 
method was therefore devised which allows elution of 
bound pAbs under mild conditions ( reduction of a dithiol 
group with dithiothreitol ) which do not disrupt phage 
structure ( example 47 ) . 
30 This elution procedure is just one example of an 

elution procedure under mild conditions. A particularly 
advantageous method would be to introduce a nucleotide 
sequence encoding amino acids constituting a recognition 
site for cleavage by a .highly specific protease between 
3 5 the foreign gene inserted, in this instance a gene for an 
antibody fragment, and the sequence of the remainder of 
gene III. Examples of such highly specific proteases are 
Factor X and thrombin. After binding of the phage to an 
affinity matrix and elution to remove non-specific 
40 binding phage and weak binding phage, the strongly bound 
phage would be removed by washing the column with 
protease under conditions suitable for digestion at the 
cleavage site. This would cleave the antibody fragment 
from the phage particle eluting the phage. These phage 
45 would be expected to be infective, since the only 
protease site should be the one specifically introduced. 
Strongly binding phage could then be recovered by 
infecting eg. E.coli TGI cells. 

An alternative procedure to the above is to take the 
50 affinity matrix which has retained the strongly bound pAb 
and extract the DNA, for example by boiling in SDS 
solution. Extracted DNA can then be used to directly 
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v ™n host cells or alternatively the antibody 
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STSS".^Si ^t^ molecule - 

number of other applications, some examples of which are. 
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is used to attach another moiety. This moiety can be 
attached via immunological, chemical, or any other, means 
and can be used, for example, to label the complex with 
detection reagents or cytotoxic molecules for use in vivo 
5 or in vitro . 

Physical Detection 

The size of the rgdps eg pAbs can be used as a 
marker particularly with respect to physical methods of 
detection such as electron microscopy and/or some 
10 biosensors, e.g. surface plasmon resonance. 
Diagnostic Assays 

The rgdps eg pAbs also have advantageous uses in 
diagnostic assays, particularly where separation can be 
effected using their physical properties for example 
15 centrifugation, filtration etc. 

In order that the invention is more fully 
understood, embodiments will now be described in more 
detail by way of example only and not by way of 
limitation with reference to the figures described below. 
20 Figure 1 shows the basic structure of the simplest 

antibody molecule IgG. 

Figure 2 shows schematically selection techniques 
which utilise the unique properties of pAbs; 21) shows a 
binding/elution system; and ( 2ii ) shows a competition 
25 system (p=pAb; ag=antigen to which binding by pAb is 
required; c=*competitor population e.g. antibody, pAb, 
ligand; s=substrate (e.g. plastic beads etc); d=detection 
system. 

Figure 3 shows the vector fd-tet and a scheme for 
30 the construction of vectors, fdTPs/Bs (for insertion of 
VH coding sequences ) and fdTPs/Xh for the insertion of 
scFv coding sequences. 

Figure 4 shows the nucleotide sequences for the 
oligonucleotides and vectors . All sequences are drawn 5 r 
35 to 3 1 and are numbered according to Beck et al., 1978, 
Nucl. Acid Res., 5: 4495-4503. 4.1 shows the sequences 
of the oligonucleotides used for mutagenesis ( oligo ' s 1 
and 2 ) or sequencing ( oligo 3 ) . The sequences shown were 
synthesized on an Applied Biosystems, oligonucleotide 
synthesizer and are complementary to the single stranded 
form of fd-tet (they are in the anti-sense form with 
respect to gene III). 4.2 shows the sequences of the 
various constructs around the gene III insertion site. 
These sequences are drawn in the sense orientation with 
45 respect to gene III; (A) fd-tet (and f dT6Bst ) (B) 
fdTPs/Bs and (C) fdTPs/Xh. The key restriction enzyme 
sites are shown along with the immunoglobulin amino acids 
contributed by the vectors, (amino acid single letter 
code is used, see Harlow, E. , and Lane, D., 1988 supra.). 
50 Figure 5 shows the nucleotide and amino acid 

sequences for scFv in the vector scFvDl . 3 myc. This 
gives the sequence of the anti-lysozyme single chain Fv 
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and surrounding sequences in acFvD1.3 myc snowing the N 
terminal pel B signal peptide sequence and the C-terminal 
mvc tag sequence (Ward, E.S., et al. 1989, supra.). 
a!so shown is the peptide sequence lining the VH and VL 
5 regions. The amino acid sequence is represented above 
tS nucleotide sequence by the single letter code, see 
Harlow, E. , and Lane D., 1988 supra. 

Figure 6 shows the binding of pAbs to lysozyme and 
the effect of varying the amount of supernatant. Each 

10 point is the average of duplicate samples. Lysozyme was 
coated at 1 mg/ml in 50 mM NaHC0 3 . ^ An „ 
Figure 7 shows the effect of varying the coating 
concentration of lysozyme or bovine serum albumin on the 
binding of pAbs to lysozyme in graphical form. Each 

15 point is the average of duplicate samples. 

rimjrp R shows the sequence around the cloning site 
in crane III of fd-CAT2. Restriction enzyme sites are 
snown as well as the amino acids encoded by antibody 
Serived sequences. These are flanked at the 5 'end ^ by 

20 the gene III signal peptide and at the 3 end by 3 
alanine residues ( encoded by the Not 1 restriction site ) 
and the remainder of the mature gene III protein. The 
arrow shows the cleavage site for cutting of the signal 

25 PePtl Fi*qure 9 shows the binding of pAb (1.3) to 
lysozymes. Binding of phage as detected by ELISA to (a) 
hen eqq-white lysozyme (HEL) (b) turkey egg-white 
lysozyml (TEL), (c) human lysozyme (HUL), <d > bovine 
serum albumin (BSA). A further control of (e) fdTPs/Bs 

30 to HEL. _ . n 

Fiqure 10 shows a map of FabD1.3 in pUCia. 
Figure 11 shows the ELISA results providing a 
comparison of lysozyme-binding by phage-Fab and Phage- 
scFv. Vector=fdCAT2 (example 5); fdscFv( OX ) = P AbNQll 

35 (Example 9); fdVHCHl (D1.3 ) -grown in normal ce lis 

no L chain, see example 7); fdFab(D1.3) i.e. fdVHCHl 
(D1.3) grown in cells containing D1.3 L chain; fdscFv 
(D1.3 )=pAbD1.3. 

Figure 12 shows oligonucleotide probing of affinity 

40 purified phage. 10 12 phage in the ratio of 1 pAb (D1.3) 
in 4 x 10 4 fdTPS/Bs phages were affinity purified ana 
probed with an oligonucleotide specific for pAb (D1.3) A 
is a filter after one round of affinity purification 900 
colonies total) and B is a' filter after two rounds (372 

45 colonies total). . , 

Figure 13 shows the sequence of the anti-oxazolone 
antibody fragment NQ11 scFv. The sequence contributed by 
the linker is shown in the lower case. The sequence for 
VH is before the linker sequence and the sequence for VL 
so is after the linker. , . ,. 

Figure 14 shows the ELISA results for binding pAb 
NQ11 and pAb D1.3 and vector fdTPs/xh to specified 
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antigens . 

Figure 15 shows the sequence surrounding the phoA 
insertion in f d-phoAlal66 . The restriction sites used 
for cloning are shown, as well as the amino acids encoded 
5 by phoA around the insertion site. The first five amino 
acids of thei mature fusion come from gene III. 

Figure 16(1) shows the structure of gene III and the 
native BamHI site into which a scFv coding sequence was 
inserted in example 13 and figure 16(2) shows the natural 

10 peptide linker sites A and B for possible insertion of 
scFv coding sequences. 

Figure 17 shows schematically the protocol for PCR 
assembly of mouse VH and VLK repertoires for phage 
display described in example 14. 

15 Figure 18 shows examples of the final products 

obtained with the procedure of example 14. Lanes a and b 
show the products of the initial PCR using heavy and 
light chain primers respectively; lane c shows the 
complete assembled 700bp product before final digestion 

20 with Notl and ApaLl ; Ml, M2 markers $174 Hae III digest 
and 123 base pair ladder ( BRL Limited, P.O. Box 35, 
Washington Road, Paisley, Scotland) respectively. 

Figure 19 shows the binding of 125 I-PDGF-BB to fd h- 
PDGFB-R phage in immunoprecipitation assay and comparison 

25 to fdTPs/Bs and no phage controls; binding is expressed 
as a percentage of the total 125 I-PDGF-BB added to the 
incubation. 

Figure 20 shows the displacement of 125 I-PDGF-BB 
bound to fd-h-PDGFB-R phage using unlabelled PDGF-BB 

30 measured using an immunoprecipitation assay. Binding is 
expressed as a percentage of the total 125 I-PDGF-BB added 
to the incubation. 

Figure 21 shows the displacement of 125 I -PDGF-BB 
bound to f d-h-PDGFB-R phage using unlabelled PDGF-BB 

35 measured using an immunoprecipitation assay. Non- 
specific binding of 125 I-PDGF-BB to vector phage fdTPs/Bs 
in the absence of added unlabelled PDGF was deducted from 
each point. 

Figure 22 shows the results of an ELISA of lysozyme 
40 binding by pCAT-3 scFv D1.3 phagemid in comparison with 
pCAT-3 vector (both rescued by M13K07) and fdCAT2 scFv 
D1.3 as described in example 17. The ELISA was performed 
as described in example 6 with modifications detailed in 
example 18. 

45 Figure 23 shows the digestion pattern seen when 

individual clones, selected at random from a library of 
single chain Fv antibody genes derived from an immunised 
mouse; are digested with BstNl. 

Figure 24 shows VH and VK gene sequences derived 
50 from the combinatorial library in example 21 and the 
hierarchical library in example 22. 

Figure 25 shows a matrix of ELISA signals for clones 
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derived from random combinatorial library. Designation 
or the clones is as in figure 24. The number of clones 
found with each combination is shown by the numerals. 

Figure 26 shows a) the phagemid pHENl a derivative 
5 of pUC119 described in example 24; and b) the cloning 
sites in the phagemid pHEN. 

Fiaure 27. The antibody constructs cloned into fd- 
CAT2 and pHENl for display on the surfac a «>£ gage. 
Constructs I, II, HI and IV were cloned into both fd- 

10 CAT2 (as ApaLI-NotI fragments) and pHENl (as Sfil-NotI 
fraoments) and pHENl (as Sfil-NotI fragments). All the 
conE?u"cts contained the heavy chain <VH) and light chain 
{ °K) variable regions of the mouse anti-phOx antibody 
NQ10.12.5. The constant domains were human CK and CHI u 

15 1 isotype^ ^ ThrB6 wavs Q f displaying antibody 
fragments"^ the surface of phage by fusion to gene III 
protein. ^ ^ western blot of supernatant taken from 

20 pHENl-II(+) or pHENl(-) cultures in Ecoli HB2151, 
showing secretion of Fab fragment from pHENl- II only. 
The anti-human Fab detects both H and L chain. Due to 
the attached c-myc tag, the L chain, highlighted by both 
anti-c-myc tag and anti-human CK antisera is slxghtly 

25 larger (calculated Mr 24625) than the H chain (calculated 

Mr231 Fiqure 30 is a plot showing the effect of lysozyme 
dilution on ratio of ELISA signals obtained using pAbD1.3 
or soluble scFv D1.3. 
30 Figure 31 is a plot showing the effect of }Y S ° Z ^ 

dilution on ELISA signals obtained using fdTscFvD1.3 and 

soluble scFvD1.3. 

Figure 32 is a plot showing positive results from an 
ELISA screen of phage displaying scFv fragments derived 

35 from the cell line 013 which express a monoclonal 
antibody directed against oestriol. 

Figure 33 is a plot showing positive results from an 
ELISA screen of phage displaying scFv fragments derived 
from the cell line 014 which express a monoclonal 

40 antibody directed against oestriol. 

Figure 34 is a .Western Blot showing expression of the 
alkaline phosphatase-gene 3 fusion. I6ul of 50 fold 
concentrate of each phage sample was detected on western 
blots with either anti-gene 3 antiserum (e-f) or with 

45 anti-alkaline phosphatase antiserum (c-f) 

a) fd-phoAlal66 grown in TGI cells 

b) fd-phoAlal66 grown in KS272 cells 

c) fdCCAT2 grown in TGI cells 

d) fdCAT2 grown in TGI cells, mixed with 13 ng of 
50 purified alkaline phosphatase 

e) fd-phoAlal66 grown in TGI cells 

f) fdCAT2 grown in TGI cells. 
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Figure 35 is a Western Blot showing ultrafiltration of 
phage-enzyme lOOpl of 50 fold concentrate of phage 
(representing 5mls of culture supernatant) was 
centrif uged through ultrafiltration membranes with 
5 nominal molecular weight retention of 300 , 000 daltons. 
Western blots of flow through and retentate fractions 
were detected with anti-alkaline phosphatase antiserum. 
The equivalent of 800pl of original culture supernatant 
was run on the gel. 
10 A. Phage were grown in TGI cells. a) fd-phoAlal66 
before ultrafiltration (short exposure), b) fd-phoAlal66 
before ultrafiltration* c ) f d-phoAlal66 material 
retained on ultrafiltration membrane. 

B. Phage were grown in KS272 cells, a) fd-phoAlal66 
15 before ultrafiltration. b) fd-phoAlal66 material 
retained on ultrafiltration membrane, c) fdCAT2. d) 
fdCAT2 mixed with purified alkaline phosphatase before 
ultrafiltration. e) Retentate from sample d. f) Flow 
through from sample d. 
20 Figure 36 Electrophoresis of samples from stages of 

a Fab assembly. Samples from different stages in the PCR 
Fab assembly process described in example 33 were 
subjected to electrophoresis on a 1% TAE-agarose gel. 
Samples from a comparable scFv assembly process (as £ in 
25 example 14) are shown for comparison. Samples left to 
right are: 

M = Markers 

VHCH1 = sequences encoding VHCH1 domains 

amplified by PCR 
30 VKCK « sequences encoding VKCK domains 

amplified by PCR 
" L = Fab assembly reaction performed 

in absence of linker 
+ L = Fab PCR assembly reaction 

35 product VHCH1 plus VKCK plus 

linker 

M = Markers 

VK = sequences encoding VK domain 

amplified by PCR 
40 VL = sequences encoding VH domains 

amplified by PCR 
~ L = scFv assembly reaction in 

absence of linker 
+ L » scFv assembly reaction in 

45 presence of linker 

M = Markers 

Figure 37. Comparison of ELISA signals with scFv 
D1.3 cloned in fd-CAT2 (fd) or pCAT-3. pCAT-3 scFvl.3 has 
50 been rescued with M13K07 (K07). M13K07AgIII No 3 (gill No 
3) or M13K07 glllANo 2 (glllNo2). Phage antibodies are 
compared at 10 times (lOx) 1 times (lx) or 0.1 times 
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(0 lx) concentrations relative to concen *";Ei on . in 
supernatant after overnight growth £ ««»T2 «d PCAT 

3 non- recombinant vector signals were <0.01 at iux 
concentration. M13K07 glUANo 1 did not ™™ « a11 ' 
c ™ Hudaed by no signal above background xn this ^ ~~ ' 

J Figure 38. Western blot of PEG precipitated phage 
used in^SlSA probed with anti-g3p. Free g3 P and the 
g 3p-scFvDl.3 fusion bands are arrowed. 
Sample 1 - fd scFvD1.3 

10 3 " oCA« sSvSI.3 rescued with M13K07, no IPTG 

laTple 4 - PCA T t1 SvD1.3 rescued with M13K07, 50uM IFT* 

ESS 2 "- 5E:i SSS 52 £3£' B S&« 

15 . safflp ie 7 - p Sat3 P scFvD1.3 rescued with M13K07 glllA No 2 

Panei : A^sSSes contain the ^valent of 8ul of 
phagemid culture supernatant per tra ck JO^of the 

20 ™?d) n Panel B p^emxdTamp'les 9 arl those used in 
llnlT* at a five- fold higher sample loading (equivalent 
loul of culture supernatant per track) to enable 
visualisation of the fusion band in samples rescued with 

25 parental - £3*07. showing f dCAT 2scFvDl . 3 

enrich produced from 9 a mixture of f dCAT2scFvDl . 3 and 
f dCAT2TPB4^ by one round of PJjnlPJ. f dCAT2scFvD1 . 3 

30 enric^t produced from a mixture of £ dCAT2scFvDl . 3 and 
fdCAT2TPBl by one round of panning* 

f Figure 41. Western blot of phage P»texns of 
fdCAT2(l) and f d-tet-SNase( 2 ) with g^gf™^ 9 "™*' 
Marker molecular weights bands are ind ^f *° } ; 3 na)(A _ 
Fiaure 42 Nuclease assay of soluble SNase US n ?^, , 

35 1) fd-ie£sNase(4 x l 0 9TU,(B-l),fd-CAT2(2 x 10^T U )( C -1) 
and of a PEG-precipitated fdCAT2 and SNase mixture< 2 x 
tSlOTU and 0.7ug)(D-l) in a 10-f old- dilution series (1 to 
3 or 4). Marker (M) is a HindHI digest of A -DNA( New 

40 England BiO e la 4 bs). ELisA ^ , 

crn P ce e ntS?e le pius t0 soLble Sd4(8H + sCD4); phage 
45 concentrate plus „ ^(SN- gp£0>. ^ ^ ^ (anti _ 



NP) . 



50 



Figure 45 shows a map of the insert of sequences 
encoding .FvDl. 3 present in fd-tet FvDl 3 (example 39) 
rbs designates the ribosome binding site. Gene III is 

n ° W S ^e n 46? S shows anl^SA assay of phages displaying 
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FvD1.3 or scFvD1.3 by binding to plates coated with 
lysogyme. Signals obtained at various dilution factors 
are shown. FvD1.3 (ZLS-Stuf f er ) which does not express Fv 
was used as a control. 
5 Figure 47. shows a schematic representation of steps 

involved in the PCR assembly of nucleotide sequences 
encoding human Fab fragments. Details are in example 40. 

Figure 48. shows A. a map of plasmid pJMl-FabD1.3 
which is used for the expression of soluble human Fab 
10 fragments and as a template for the synthesis of linker 
DNA for Fab assembly. B. a schematic representation of 
sequences encoding a Fab construct. C. The sequence of 
DNA template for the synthesis of linker DNA for Fab 
assembly. 

15 Figure 49. shows a schmatic representation of steps 

involved in the PCR assembly of nucleotide sequences 
encoding human scFv fragments. Details are in example 
42. 

Figure 50. ELISA assay of phage antibodies using 
20 plates coated with turkey egg lysogyme. Two clones Bl 
and A4 are shown derived by mutagenesis and selection 
from pAbD1.3 (example 45). Concentration (x axis) refers 
to the concentration of phage for each sample relative to 
the concentration in culture supernatant. Bl has raised 
25 binding to turkey egg lysogyme compared to D1.3. A4 has 
reduced binding to hen egg lysogyme compared to D1.3. 

Figure 51. ELISA of phage antibodies binding to HEL 
and TEL. Clone 1 is f dCAT2scFvDl . 3 . Clones 2 to 10 were 
obtained from the library (example 46) after selection. 
30 The background values as defined by binding of these 
clones to BSA were subtracted. 

Figure 52. shows the DNA sequence of the light 
chains D1.3 M1F and M21 derived by selection from a 
hierarchical library in example 46. 
35 Figure 53 shows a Fv lambda expression vector 

(example 48) derived from pUC119. It contains the 
rearranged lambdal germ line gene. The heavy and light 
chain cassettes each contain a ribosome binding site 
upstream of the pel B leader (Restriction sites shown as: 
40 H=Hind III; Sp=SphI; B=BamHI , E=EcoRI. 
Materials and Methods 

The following procedures used by the present 
applicants are described in Sambrook, J. et al., 1989 
supra. : restriction digestion, ligation, preparation of 
45 competent cells (Hanahan method), transformation, 
analysis of restriction enzyme digestion products on 
agarose gels, purification of DNA using 
phenol /chloroform, 5 1 -end labelling of oligonucleotides, 
filter screening of bacterial colonies, preparation of 
50 2xTY medium and plates, preparation of tetracycline stock 
solutions, PAGE of proteins, preparation of phosphate 
buffered saline. 
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A1 1 en^swere supped -g^TSSti" 
SSSSTSi HJ°ls£' acting to manufacturer's 
instructions unless otherwise rt"" 1 .- 1990 supra ) 

iss^i: 3 ^' Jiff? iTtbrssw/F ««.. 

pro A+B+, Lac 1<J, lac 6MI 5 ). growing TGI cells 

Viral particles were prepared by g™« g y 
containing the desired construct « 10 *° 4 1 ™ u £. Tne 
medium with 15 ug/ml tetracycline for 16 24 ^ tion for 
culture supernatant was collect ed by ^trxrug 
10 mins at 10,000 rpm in an 8 x 50 ml ^ rotor bo 
centrifuge. Phage particles w ™Pf*^^^^ a ci and 
1 volume 20% polyethylene glycol ( pEG >/ z :;^ is 
T' " =+- at for 1 hour. Tnese wete 7- 

20 SSt .rs&rf 2 minutes in -i™^T a s 
j., et al., 1989,, supra. 

25 1 ^?, HiS r - — poin * Linkers and - 

Construct j nn of Vectors ^rm^i-ruction of two 

vectors have a new BstEII site tor 
SSSSf 8 ^ I^°n of inuniinnglohuli n Fv Do m ain_into 
35 £hase le covers the insertion of scFv coding 

seauences derived from an anti-lysozyme « l *J body D1 ' 3 
?S?Ps/Xh to give the construct fdTscFvD1.3. 

^^This example covers the insertion of VHj coding 
sequences derived from an anti-lysozyme antibody D1.3 
into fdTPs/Bs to give the construct fdT^Dl. 3 ^ ph 
Example 4 Analysis of Binding Specificity a_ 

^fnif example investigates the . binding specificities 
of the constructs f dTscFvDl . 3 and fdTVHDl.3. 

SSSSS h^trltSn s^s%oTen^^cut S 
infrequently . 
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Example 6 Specific Binding of Phage Antibody (pAb) to 
Antigen 

This example shows the binding of pAb fdTscFvD1.3 
to lysozyme by ELISA. 
5 Example 7 Expression of FabD1.3 

This example concerns the display of an antibody Fab 
fragment at the phage surface. The VH-CH1 chain is 
expressed by fdCAT2. The VL-CL chain is expressed by 
pUC19 in a bacterial host cell also infected with fdCAT2. 
10 Example 8 Isolation of Specific, Desired Phage from a 
Mixture of Vector Phage 

This example shows how a phage (e.g. f dTscFvDl . 3 ) 
displaying a binding molecule can be isolated from vector 
phage by affinity techniques. 
15 Example 9 Construction of pAb Expressing Anti-Hapten 
Activity 

This example concerns the insertion of scFv coding 
sequences derived from the anti-oxazolone antibody NQ11 
into fdTPs/Xh to generate the construct pAbNQll. The 
20 example shows the binding of pAbNQll to oxazalone by 
ELISA. 

Example 10 Enrichment of pAbD1.3 from Mixtures of other 
pAbs by Affinity Purification 

This example shows how a phage (eg. pAbD1.3) 
25 displaying one sort of biding molecule can be isolated 
from phage (e.g. pAbNQll) displaying another sort of 
binding molecule by affinity techniques. 

Example 11 Insertion of a Gene Encoding an Enzyme 
(Alkaline Phosphate) into fdCAT2 
30 This example concerns the invention of coding 

sequences for an enzyme into the vector fdCAT2 to give 
the phage enzyme, fdphoAlall6. 

Example 12 Measuring Enzyme Activity Phage - Enzyme 

This example shows the functionality of an enzyme 
35 (alkaline phosphatase) when displayed at the phage 
surface ( f dphoAlal66 ) . 

Example 13 Insertion of Binding Molecules into 
Alternative Sites in the Phage 

This example covers the insertion of scFv coding 
40 sequences derived from a) the anti-lysozyme antibody 
D1.3; and b) the anti-oxazalone antibody NQ11 into a 
BamHl site of fdTPs/Xh to give the constructs fdTBaml 
having an NQ11 insert. 

Example 14 PCR Assembly of Mouse VH and VLK Repertoires 

45 for Phage Display 

This example concerns a system for the display on 
phage of all VH and VLK repertoires encoded by a mouse. 
The system involves the following steps. 1) Preparation 
of RNA from spleen. 2) Preparation of cDNA from the RNA 

50 3 ) Use of primers specific for antibody sequences to PCR 
amplify all VH and VLK cDNA coding sequences 4 ) Use of 
PCR to create a linker molecule from linking pairs of VH 
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*\ itee of PCR to assemble continuous 
and VLK sequences 5) Use or fuk a linker and 

DNA molecules each ^^J^^^/^k combination is 
sites. . Pvi-racellular Domai n of a 

for the extracellular domain ot t const: ruct 
PDGF into the vector fdCAT^: to y 

Tmmunoprecipitation Assay ; ^ receptor pDGF Isoform 

BB'is^Ts^a^ on The surface of the phage in a form 

This example concerns Tne ™""^ c "°" ° n „ ene '„? frbm 

scFv anti-lypozyme activity by ELISA. 3 d CAT _ 
Example 19. Transforma t ion Efficiency of PCAT j ana p 

3 BcFvDl.3 Phaqemids efficiency of the phagemids 

^U 9 e T^ e -3°ar pci T 3t=VDl £ ™the phace to 

transform E.coli. Q . nfTle chain Fv Libra ry from 
Example 20 PCR Ass e mbly of a Single mam rv z 

an Immuni sed Mouse disolav on phage 

This example concerns a system tg^^g*^ Luse 

° f . SCF : he C baK technique outlined in example 14 (cDNA 
using the basic jecnnique > & vr and VLR 

preparation and PCR assembly asse mbled sequences 

HHxample. shows ^^^M^elTS t? 
Si^rUS.lTSf'to 20 ^"^ Phace aisplayin, 
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scFv with the desired specificity. 

Example 22. Generation of Further Antibody Specificities 
by the Assembly of Hierarchial Libraries. 

This example concerns the construction of hierarchial 
5 libraries in which a given VH sequence is combined with 
the complete VLK repertoire and a given VLK sequence is 
combined with the complete VH repertoire and selection 
from these libraries of novel VH and VL pairings. 
Example 23. Selection of Antibodies Displayed on 
10 Bacteriophage with Different Affinities for 2-phenyl-5- 
oxazolone using Affinity Chromatography 

This example concerns the separation by affinity 
techniques of phages displaying scFv fragments with 
differing binding affinities for a given antigen. 
15 Example 24. Construction of Phagemid pHENl for the 
Expression of Antibody Fragments Expressed on the surface 
of Bacteriophage following Superinfection 

This example concerns the construction of the 
phagemid pHENl derived from pUC119. pHENl has the 
20 features shown in Fig. 26. 

Example 25. Display of Single Chain Fv and Fab Fragments 
Derived from the Anti-Oxazolone Antibody NQ 10.12,5 on 

Bacteriophage fd using pHENl and fdCAT2. 

This example describes the display of scFv and Fab 
25 fragment with a specificity against phOx on the surface 
of a bacteriophage. For display of scFv the phagemid 
pHENl comprises the sequences encoding scFv (VH and VL) 
for rescue by either the phages VSM13 or fdCAT2. For 
display of Fab the phage fdCAT2 comprises the sequence 
30 for either the H or L chain as a fusion with g3p and the 
phagemid pHENl comprises the sequence for the appropriate 
H or L chain partner. 

Example 26. Rescue of Phagemid Encoding a Gene III 
protein - Fusion with Antibody Heavy- or Light Chains by 

35 Phage Encoding the Complementary Antibody Displayed on 
Phage and the Use of this Technique to make Dual 
Combinatorial Libraries 

This example covers the use of phage antibodies 
encoding the antibody heavy or light chain to rescue a 

40 phagemid encoding a gene 3 protein fusion with the 
complementary chain and the assay of Fab fragments 
displayed on phage in ELISA. The use of this technique 
in the preparation of a dual combinatorial library is 
discussed. 

45 Example 27 Induction of Soluble scFv and Fab Fragments 

using Phagemid pHENl 

This example covers the generation of soluble scFv 

and Fab fragments from gene III fusions with sequences 

encoding these fragments by expression of clones in pHENl 
50 in an E.coli strain which does not suppress amber 

mutations . 

Example 28 Increased Sensitivity in ELISA of Lysozyme 



WO 92/01047 



PCT/GB91/01134 



1 



10 



15 



20 



25 



30 



35 



40 



45 



50 



using fdTs ^™-3 as Primai 

scFvDl . 3 f £dTscFvD1.3 in ELISA 
This example covers the use of ^ sct g ™ detected 

scFvD1.3. -,. , uvnrp.qsion of Mo use 

functional scFV fragments > = ! *»■ f^i^ales directed 

the same enzyme when in f olut ^° n - ultraf utration that 
example concerns the construction of the phage 

P ^^^ of Phage valine 
Pho.pfa.tMB con cerns the binding of alkaline 

t ^XT^^ iT^-^r* the raiment 
k^^^^^^^m of a n inse« 

^"hl phl g rd\ecforpHE N r^d t ?he P Fah 9 fragment 
dSlay^on the surface was shown to be functiona j 

Example 34 Constr u ction of a Gene in 

^^This example describes the construction of a helper 

fdCAT2-scFvD1.3. h ,ntaHnnhaie expressi ng scFv 

g^<" to att^t Y .Jino a panning proceoure 
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This example concerns the selection of bacteriophage 
according to the affinity of the scFv fragment directed 
against lysozyme which is expressed on their surface. 
The phage of different affinities were bound to Petri 
5 dishes coated with lysozyme and, following washing, bound 
phage eluted using triethylamine. Conditions were found 
where substantial enrichment could be obtained for a 
phage with a 5-fold higher affinity than the phage with 
which it was mixed. 
10 Example 36 Expression of Cat aly t ically Active 
Staphylococcal Nuclease on the Surface of Bacteriophage 
fd 

This example concerns the construction of a phage 
enzyme which expresses Staphylococcal nuclease and the 
15 demonstration that the phage enzyme retains nuclease 
activity. 

Example 37 Display of the Two Aminoterminal Domains of 
Human CD4 on the Surface of fd Phage 

This example covers the cloning of genes for domains 
20 of CD4, a cell surface receptor and member of the 
immunoglobulin superfamily, into bacteriophage fd. The 
receptor is shown to be functional on the surface of 
phage by binding to the HIV protein gpl20. 
Example 38 Generation and Selection of Mutants of an 
25 Ant i -4-hydroxy-3-nitrophenylacetic acid ( NP ) Antibody 
expressed on Phage using Mutator strains 

This example covers the introduction of mutations 
into a gene for an antibody cloned in phage by growth J ,of 
the phage in strains which randomly mutate DNA due to 
30 defects in DNA replication. Several mutations are 
introduced into phage which can then be selected from 
parent phage . 

Example 39 Expression of a Fv Fragment on the Surface of 
Bacteriophage by Non-Covalent Association of VH and VL 
domains 

This example shows that functional Fv fragments can 
be expressed on the surface of bacteriophage by non- 
covalent association of VH and VL domains. The VH domain 
is expressed as a gene III fusion and the VL domain as a 
soluble polypeptide. Sequences allowing expression of 
these domains from the anti-lysozyme antibody D1.3 in 
this form were introduced into phage and the resulting 
displayed Fv fragment shown to be functional by ELISA. 
Example 40 A PCR Based Technique for one step Cloning of 
Human V-genes as Fab Constructs 

This example gives methods for the assembly of Fab 
fragments from genes for antibodies. Examples are given 
for genes for antibodies directed against Rhesus-D in a 
human hybridoma and a polyclonal lymphoblastic cell line. 
Example 41 Selection of Phage Displaying a Human Fab 
Fragment directed against the Rhesus-D Antigen by binding 
to Cells displaying the Rhesus D Antigen on their Surface 
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This example concerns the construction of, and 
display of phage antibodies from, a phagemid encoding a 
numan'Lb'frVent directed against the Rhesus D antigen 
Phage displaying this antigen were then affinity seiecxea 
fa background of phage displaying scFvDl . 3 *nti- 
lysSzyL on the basis of binding to Rhesus-D positive red 

SS glfffik Pr.K Based Tech nique for One Step Cloning of 



10 *™^'£2ErS~ x*~ the generation of libraries 
of scFv fragments derived from an unimmunized human 
Examples are given of the preparation for phage display 
oHibraries in phagemids of scFv fragments derived from 



ffL^ y T my^ b^o Activities from a Library, 
<->-f ar-FTrg from a n Unimmunized Human _ 

This example descr ibes the isolation, rrom u«o 
library of scFv fragments derived from igM genes of an 
unimmunized human, of clones for phage antibodies 
directed against BSA, lysozyme and oxazolone. Selection 
was £ pacing or affinity chromatography and analysis of 
binding specificity by ELISA. Sequencing of the clones 

%ZS*T£ £ % = ^brary using helper phage 

25 ^^^ gJTxipiefot ers the isolation, from the library 
of scFv fragments of unimmunized human IgM genes, of 
clones of phlge antibodies of clones for Phage 
^ ori . fip f or thvroalobulin and oxazolone. in tms 

30 IXmple rescue w"as with M13K07gIII ^o3 (NCTC12478), a 
helper phage defective in gene III. Fewer founds of 
selection appeared necessary for a phagemid Horary 
rescS with this phage compared to one rescued with 

35 45 Al^-ration of Fi ne Specificity of scFv D l ; 3 

dis played on Phage by M utagenesis and Selection ^ 
Tmmnhi i i ze d Turkey Lysozyme . 

This example covers the in vitro mutagenesis of 
pCATscFvDl.3 by replacement, with random amino ^nkal 
residues known to be of importance m the P refer f**"£ 
recognition of hen egg lysozyme over turkey egg y P 
by scFvDl . 3 . Following selection for phage a^ibodies 
recognising turkey egg lysozyme by affinity 
chromatography, clones were analysed for jpjcxfxcx^bj 
45 ELISA. Two groups of clones were found with more equal 
recognition of hen and turkey lysozymes, one with 
increased ELISA signal with the turkey enzyme and one 
with reduced signal for the hen enzyme. +..^*„ 
Mndilication of the SpPri fi city of an Antibody 
hy-R Tplacement of the VLK Dom ain by a VLK Library aeriyed 
from an uhimmunised Mouse ^ j„ ma ,r, 

This example shows th at replacement of the VL domain 
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of scFvD1.3 specific for hen eggwhite lysozyme (HEL) with 
a library of VL domains allows selection of scFv 
fragments which bind also to turkey eggwhite lysozyme 
(TEL). The scFv fragments were displayed on phage and 
5 selection by panning on tubes coated with TEL. Analysis 
by ELISA showed clones with enhanced binding to TEL 
compared to HEL. Those with highest binding to TEL were 
sequenced . 

Example 47 Selection of a Phage Antibody Specificity fry 
10 binding to an Antigen attached to Magnetic Beads. Use of 
a Cleavable Reagent to allow Elution of Bound Ph age under 

Mild Conditions " 

This examples covers the use of a cleavable bond in 
the affinity selection method to alow release of bound 
15 phage under mild conditions. pAbNQll was enriched 
approximately 600 fold from a mixture with pAbD1.3 by 
selection using biotinylated Ox-BSA bound to magnetic 
beads. The cleavage of a bond between BSA and the biotin 
allows elution of the phage. 
20 Example 48 Use of Cell Selection to provide an Enriched 
Pool of Antigen Specific Antibody Genes, Application to 
reducing the Complexity of Repertoires of Antibody 
Fragments Displayed on the Surface of Bacteriophage 

This example covers the use of cell selection to 
25 produce an enriched pool of genes encoding antibodies 
directed against 4-hydroxy-3-nitrophenylacetic acid and 
describes how this technique could be used to reduce the 
complexity of antibody repertoires displayed on the 
surface of bacteriophage. 
30 Example 1 

Design of Insertion Point Linkers and Constructio n of 
Vectors — 

The vector fd-tet has two BstEII restriction sites 
flanking the tetracycline resistance gene ( fig 3 ) . Since 

35 the strategy for inserting the VH fragments was to ligate 
them into a newly inserted BstEII site within gene III, 
it was advantageous to delete the original BstEII sites 
from fd-tet. This was achieved by digesting fd-tet with 
the restriction enzyme BstEII, filling-in the 5' 

40 overhangs and re-ligating to generate the vector fdT6Bst. 
Digestion of fd-tet with BstEII (0.5 units/pl ) was 
carried out in Ix KGB buffer (100 mM potassium glutamate, 
23 mM Tris-acetate (pH 7.5), 10 mM magnesium acetate, 50 
pg/ml bovine serum albumin, 0.5 mM dithiothreitol 

45 (Sambrook, J., et al., 1989, supra.) with DNA at a 
concentration of 25 ng/pl. The 5' overhang was filled 
in, using 2x KGB buffer, 250 pM each dNTP's (Pharmacia 
Ltd., Pharmacia House, Midsummer Boulevard, Milton 
Keynes, Bucks., UK.) and Klenow Fragment ( Amersham 

50 International, Lincoln Place, Green End, Aylesbury, 
Bucks., UK) at 0.04 units /pi. After incubating for 1 
hour at room temperature, DNA was extracted with 
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phenol/chloroform and P^c^tated ««^££«t±on of 
Ligations were ^^^gJ^Z^ competent TGI 

50ng/ul). Liffa* ^^^^ ^supplemented with 15 
cells and plated onto TY plates s PP s where the 

5 ug/ml tetracycline. This sele cr s *° h reinserted 

glne for tetracycline ^"^^^ colonies were 
Lto the vector during with 15 

nicked into 25 mis of zxiy meuj-um ~ 7 o r 
^tetracycline f%^<?£2££ fo-'tne resulting 
10 Double stranded DNA was P uritl 6 ( Biol01 Inc ., P0 Box 

clones using the gene-f ean ll ki ^ ) 

2284, La ^ J °i^' Pf^gJ^e rapid plasmid DNA isolation 
according to ^ JJ^J"™ The orientation of 5 of the 



sites. 



20 vectors having -PP™^^/S^ t . do^Sa- ' of 
facilitate cloning of a ^ibody £ "9™J with the gene 
the gene III signal pep tide ^"J™™^ direc ted 
III coding se 2 uenc *' 2 (Amersham International) was 
mutagenesis ^J^™^ ( 4 T ?o Create fdTPs/Bs (to 
25 used with oligo 1 ^J 9 "" Jraaments). The sequence 
facilitate cloning of ™ J^f^JS "sing the sequenase 
of fdTPs/Bs (figure . U was conf irmed u S ing^ 

version 2.0 kit (USB CorP-, -a mm mire 4) as a primer. 
Ohio, 44122, USA «tt olxgo 3 U^^". cl P Qning of 
30 A second vector f °J ps/ * n venerated by mutagenising 

single chain Fv £ ragments ) JMJJ« fatea £ me * hod of 

fdTPs/Bs with oligo 2 »cc?S SI 17 p 3314. The 
Venkitaraman A R Nuci Acid Res. using the 

sequence of ^?^*f ? « kit TuSB Corp. ) with oligo 3 as a 
35 sequenase version 2.U kit i.u»n 

Prime ciearlY alternative constructions will be apparent 

40 could be disrupted witij |>ut the onset of «« modif ied 
death; the modified fd gene 111, ° ±d con t a ining 

45 would then result m the ^psuJj d from the 

a helPe° r V 9 e e n - d S^y°SS- S» g ene XXX 

— ^Wl- ^tructig. e O f e ejector ^uch^as 

cloning/mutagenesis (Clackson, i 
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Nucl. Acids. Res., 17, p 10163-10170) could be used to 
avoid use of restriction enzyme digests and/or ligation 
steps . 
Example 2 . 

5 Insertion of Immunoglobulin Fv Domain into Phage 

The plasmid scFv D1.3 myc (gift from g. Winter and 
A. Griffiths) contains VH and VL sequences from the 
antibody D1.3 fused via a peptide linker sequence to form 
a single chain Fv version of antibody D1.3. The sequence 
10 of the scFv and surrounding sequences in scFvD1.3 myc is 
shown in figure 5. 

The D1.3 antibody is directed against hen egg 
lysozyme (Harper, M. et al., 1987, Molec. Immunol. 24, 
97-108) and the scFv form expressed in E.coli has the 
15 same specificity (A. Griffiths and G. Winter personal 
Communication) . 

Digestion of scFv D1.3 myc with Pstl and Xhol (these 
restriction sites are shown on Fig. 5), excises a 
fragment of 693 bp which encodes the bulk of the scFv. 
20 Ligation of this fragment into fdTPs/Xh cleaved with Pstl 
and Xhol gave rise to the construct fdTscFvD1.3 encoding 
the gene III signal peptide and first amino acid fused to 
the complete D1.3 scFv, followed by the mature gene III 
protein from amino acid 2. 
25 The vector fdTPs/Xh was prepared for ligation by 

digesting with the Pstl and Xhol for 2 hours followed., by 
digestion with calf intestinal alkaline phosphatase 
(Boehringer Mannheim UK Ltd., Bell Lane, Lewes, East 
Sussex, BN7 1LG) at one unit/ul for 30 minutes at 37 °C. 
30 Fresh calf intestinal alkaline phosphatase was added to a 
final total concentration of 2 units/ul and incubated for 
a further 30 minutes at 37 °C. The reaction was extracted 
three times with phenol/chloroform, precipitated with 
ethanol and dissolved in water. The insert from scFvD1.3 
35 myc was excised with the appropriate restriction enzymes 
(Pstl and Xhol) extracted twice with phenol /chloroform, 
precipitated with ethanol and dissolved in water. 
Ligations were carried out as described in example 1, 
except both vector and insert samples were at a final 
40 concentration of 5 ng/ul each. The formation of the 
correct construct was confirmed by sequencing as 
described in example 1. 

To demonstrate that proteins of the expected size 
were produced, virions were concentrated by PEG 
45 precipitation as described above. The samples were 
prepared for electrophoresis as described in Sambrook J. 
et al 1989 supra. The equivalent of 2mls of supernatant 
was loaded onto an 18% SDS polyacrylamide gel. After 
electrophoresis, the gel was soaked in gel running buffer 
50 (50 mM tris, 380 mM Glycine, 0.1%SDS) with 20% methanol 
for 15 minutes. Transfer to nitrocellulose filter was 
executed in fresh lx running buffer/20% methanol using 
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TE70 Se *r Phcr .^^,2^87^5^"^^ 

654 Minnesota Street, ou*. 

California 94107 '" SA ;>; filter was blocked by incubation 
AFter transfer the «a r (Marvel) in 

for 1 hour in a 2% solution o Detection of scFv and 
phosphate buffered saline -the * phage antibody fusion 
VH protein sequences in tnepnag filter for 1 hour 
proteins was effected by so ^.^ he _ owde ^ T of a ra bbit 
with a 1/1000 dilution in 2% milk powd w purif ied, 
polyclonal antiserum ™^* ag g™lJt (gift from G. 
bacterially expressed SC Z V J^ a ^\ m ? n ute washes). 
Winter). " ter !ff Lected using an anti-rabbit 
bound primary .antibody _ was ^ected us J oxidase . (Sigma , 
antibody conjugated to hors«raais p i hQur> 

Fancy Road, Poole J£ rse ^ ? BS /o!l% triton X-100 and 
The filter was washed in pbs/u .i ? ± inobenzidin e 
^,»mned with 0.5 nig/ral__ 3 , 3 ^aiajnin^^ 

^et'rahydrochloride (DAB), o.u« — - 

hydr °?SS VS££ showed" that with clones ^JHD1 3 (from 
example « "^f a 

fdTscFvD1.3 (i ncor P°5 a ^S 9 a ^ q griSo Saltons is detected 

srsr A5r=^? ?S - Th ^p rod ^ sr s 

™ d^^na^^ed <£V«. fdTSBst or 
fdTPs/Xh. 

The VH fragment from 01 . 3 was gene ra 

plasmid PSW1-VHD1.3-TAG1 (Ward E S et 

supra.). Digestion of th " <f b |^en positions 113 and 
generates the fragment shown be * w |jn P ±nto tne Pst l 
432 in figure 5. Cloning of this fjaj^ent construct 

been deleted). in example 2 except 

BstEII. 

Example 4. cnoHfiritv of Phaae Antibodies 

T^ fS±T5f Binding Specif ic it r^nf y _ , n the 

The binding of the variou * *™»" lvsed using ELISA 
specific antigen, lY^Y"*; . . w * s f^a fdTVHDl.3 and 
techniques. Phage ant ibodie s (e .g fdT 

fdTsc/FvD1.3) were -S^^^ S described in the 
particles were ^^ ta ^ Q ^ phagB antibody particles 
^dSo^uS^yclSr.W serum raised .gainst 
the closely related phage M13. 
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ELISA plates were prepared by coating 96 well plates 
(Falcon Microtest III flexible plate. Falcon: Becton 
Dickinson Labware, 1950 Williams Drive, Oxnard, 
California, 93030, USA. ) with 200 ul of a solution of 
5 lysozyme ( lmg/ml unless otherwise stated ) in 50 mm NaHC03 
for 16-24 hours. Before use, this solution was removed, 
the plate rinsed several times in PBS and incubated with 
200 ul of 2% milk powder/PBS for 1 hour. AFter rinsing 
several times with PBS, 100 ul of the test samples were 
10 added and incubated for 1 hour. Plates were washed (3 
rinses in 0.05% Tween 20/PBS followed by 3 rinses in PBS 
alone ) . Bound phage antibodies were detected by adding 
200 ul/well of a 1/1000 dilution of sheep anti-M13 
polyclonal antiserum (gift from G. Winter, although an 
15 equivalent antibody can be readily made by one skilled in 
the art using standard methodologies) in 2% milk 
powder/PBS and incubating for 1 hour. After washing as 
above, plates were incubated with biotinylated anti-sheep 
antibody (Amersham International) for 30 minutes. Plates 
20 were washed as above, and incubated with streptavidin- 
horseradish peroxidase complex (Amersham International). 
After a final wash as above, 0.5 mg/ml ABTS substrate in 
citrate buffer was added (ABTS = 2 f 2 ' -azinobis (3- 
ethylbenzthiazoline sulphonic acid); citrate buffer = 50 
25 mM citric acid, 50 mM tri-sodium citrate at a ratio of 
54:46. Hydrogen peroxide was added to a final 
concentration of 0.003% and the plates incubated for 1 
hour. The optical density at 405 nm was read in , a 
Titertek multiskan plate reader. £. 
30 Figure 6 shows the effect of varying the amount of 

phage antibody. 100 ul of various dilutions of PEG 
precipitated phage were applied and the amount expressed 
in terms of the original culture volume from which it was 
derived. Signals derived from both the scFv containing 
35 phage antibody ( f dTscFvDl . 3 ) and the VH containing phage 
antibody ( f dTVHDl . 3 ) and the VH containing phage antibody 
were higher than that derived from the phage antibody 
vector (fdTPs/Xh). The highest signal to noise ratio 
occurs using the equivalent of 1.3 mis of culture. 
40 Figure 7 shows the results of coating the plates 

with varying concentrations of lysozyme or bovine serum 
albumin ( BSA ) . The equivalent of 1 ml of the original 
phage antibody culture supernatant was used. The signals 
from supernatants derived from fdTscFvD1.3 were again 
45 higher than those derived from fdTPs/Xh when lysozyme 
coated wells were used. There was no significant 
difference between these two types of supernatant when 
the plates were coated with BSA. Broadly speaking the 
level of signal on the plates is proportional to the 
50 amount of lysozyme coated. These results demonstrate 
that the binding detected is specific for lysozyme as the 
antigen. 



WO 92/01047 



PCT/GB91/01134 



52 



Example 5; 

construction of f d CAT z vectors that enable the 

It would De useful to ^d esign ve infrequently, 
use of restriction enzymes that cut DNA ^ gene 

5 thus avoiding "™*»** d CQ ^^ence . Enzymes with an 
inserts within tne ^* co J^ en ce are particularly useful 
eight base ~ c °^ o ^ Chaudhary et 

in this respect for example identif ied a number of 

al (PNAS 87 pl066-1070 1990) have iae variable 
10 restriction sites which ^f^ d ^ and constructed a 

vecSr ^Tu JSSTSo ^{^>™JZ^Z£ 
X ^ and ^otTwere engineered into 

15 fdTPs/Xh to create fdCAT2. 

?i5«S , ^.«c «^ ».« « « GAG CTC 

CTG CAG TTG GAC CTG TUU »-•»• »»» r",""^")"" and used to 
was synthesised (supra fig 4 legend , is klt 

20 mutagenise fdTPs/Xh using an ™ elample 1, t° 

SSS 4 ^-^TSSriSSiS p^ntwW gene XXX 

to lysozyme was further analysed by ELISA. 
Methods . 

i Phage growth. *- ransd uced bacteria were prepared 

Cultures or phage ^^saucea o tetracycline 
in 10-100 mis 2 x TY medium with 1 ^5 ug/ml Y 
and grown with shaking at 37 Ration of the culture 
supernatant ™ .J"*™* * f 50 ml rotor, Sorval RC-5B 
(10 min at 10,000 rpm, a *■ j« _ h - n - titre was 1 - 5 x 
centrifuge). At this stage, the phage titre Btad 
10 10 /ml transducing units. The phage P ^ x hr 

by adding 1/5 volume 20% PEG 2 .b m «a r lets were 

4'C, and ^^f s S" eStaVb.S to 1/100* 
resuspended in .10 niM Tris «u , bacteria and 

aUg^rpn^Uir^ rogation f o r 2 1» in a 

bench microcentrifuge. 

^Plates were coated with antigen (1 mg/m3 ^ antigen) 
and blocked as described in -ample 4 2 x ^ 10 1 0 
transducing units were added to the antige skimmed 
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with three rinses of 0.5% Tween-20 in PBS followed by 
three rinses of PBS. Bound phage was developed by 
incubating with sheep anti-M13 antisera and detected with 
horseradish peroxidase (HRP) conjugated anti-goat serum 
5 (Sigma, Poole, Dorset, UK) which also detects sheep 
immunoglobulins and ABTS ( 2 ' 2 ' -azinobis (3- 
ethylbenzthiazoline sulphonic acid ) . Readings were taken 
at 405 run after a suitable period. The results (figure 
9 ) show that the antibody bearing-phage had the same 

10 pattern of reactivity as the original D1.3 antibody 
(Harper, M. , Lema, F. , Boulot, G., and Poljak, F.J. 
(1987) Molec. Immunol. 24, 97-108), and bound to hen egg- 
white lysozyme, but not to turkey egg-white lysozyme, 
human lysozyme or bovine serum albumin. The specificity 

15 of the phage is particularly illustrated by the lack of 
binding to the turkey egg-white lysozyme that differs 
from hen egg-white lysozyme by only 7 amino acids. 
Example 7 . 

Expression of Fab D1.3 
20 The aim of this example was to demonstrate that the 

scFv format used in example 2 was only one way of 
displaying antibody fragments in the pAb system. A more 
commonly used antibody fragment is the Fab fragment- 
( figure 1 ) and this example describes the construction of 

25 a pAb that expresses a Fab-like fragment on its surface 
and shows that it binds specifically to its antigen. The 
applicant chose to express the heavy chain of the 
antibody fragment consisting of the VH and CHI domains 
from coding sequences within the pAb itself and to co- 

30 express the light chain in the bacterial host cell 
infected with the pAb. The VH and CHI regions of anti- 
lysozyme antibody D1.3 were cloned in fd CAT 2, and the 
corresponding light chain cloned in plasmid pUC19. The 
work of Skerra and Pluckthun (Science 240, pl038-1040 

35 (1988) and Better et al 1988 supra; demonstrated that 
multimeric antigen binding fragments of the antibody 
molecule could be secreted into the periplasm of the 
bacterial cell in a functional form using suitable signal 
sequences. However, in these publicatipns , special 

40 measures were described as being needed to recover the 
binding protein from the cell, for example Skerra and 
Pluckham needed to recover the Fv fragment from the 
periplasm by affinity chromatography. The present 
applicants have shown that it is possible to direct the 

45 binding molecule to the outside of the cell on a phage 
particle, a process that requires several events to 
occur: correct secretion and folding of the binding 
molecule; association of the chains of the binding 
molecule; correct assembly of the phage particle; and 

50 export of the intact phage particle from the cell. 

Alternatively, it is possible however, to express 
the light chain from within the pAb genome by, for 
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example, cloning an expression ^ZSfc 
place in the phage genome. Sucn ^ su ^ ^J£e multicloning 
be the intergenic region which houses ™ e Ml3 
sites engineered into derivative of the related p g 
5 (see, for example, Yanisch- Perron, C. et ax., 

P 103-119, (1985)). example was the clone 

The starting point f or this exam P xe f± e 10 . 
Fab D1.3 in P UC19 a map ofwh«h is s£™c£ot±tes KSJ6 
The regions hybridising with the oligonuc 

10 and 7 below ,a« . shown ^^Si^th. 5 • aid 3- 

encoding the VH-CHl region v J6 d 7 be iow) was PCR 
edges by the ^g^f*^^ 6 ^ oligonucleotides 
amplified from Fab D1.3 in pU cis us g « end 
KSJ 6 and 7, which retain the Pst I sire facilitate 

15 and introduce a Xho I site at the ^ f(jr the 
cloning into f d CAT 2 The The 
oliaonucleotides KSJb ana / „„^n n „ hvbridising 

underlined region of ksj/ - 

with the sequence for D1.3. 

20 KS J6 : 5 ' AGG TGC AGC TGC AGG AGT^G 3^ ^ ^ g 3 , 

KSJ7: 5' GGT GAC CTC GAG J^TTbed in exanipie 11, fc-*Cept 
PGR conditions were as *£*%gg f £ at JoT were performed 

that thirty ^ cl * s ° f * C * ^ 45 seconds, annealing at 
with denaturation at 92 C * or * 3 72 « c for 1 min ute. 
25 55'C for 1 minute and exten sion at containing Fa b 

The template used was DNA from TGI =e boi i ed . The 

D1.3 in PUC19 resus P^ d f Jom the colonies by picking 
template DNA was prepared f r om the C0J - 0 / H 0 and 

some colony material into }™£ ° ix ture was used in a 
30 boiling for 10 mins. lul ^ ""S ication of the 
20U1PCR. . ^» ^^J^^^^eSSt This fragment 
expected fragment of W^^^if ie | from an agarose 
was cut with p f .^^t^wihoT-cut fdCAT2. The PGR 
gel and ligated into Pst 1/Xho l and ethano l 

mixture was extracted with ^ eno ^^ 0 ^° fore digestion 
precipitated ( ^rook ^ to 
with Pstl and Xho 1 (New Engia n t was reS olved 

manufacturers recommendations ine r 9 (S ^, rook e t al. 
on 1% Tris-Acetate EDTA J^SSLiMBIO 101, Geneclean, 
S L U a Pr aoli a f ^ «^C«SSS?, ' according to 

re ^me\ n d 9 a^ "* 
^^^^^^^^ ^ 

(PH7.6) 5mM MgCl 2 5rt ^xt^t^rtol^ «,/ ^ ^ 
serum albumin, 0 . 5mM ATP , u . Dmw a p lg . c> 
T4 DNA ligase (New England BioLabs) tor 
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Two pi of the ligation mixture was transformed into 
200^1 of competent E.coli MC1061 cells, plated on 2TY 
agar containing 15pg/ml tetracycline and incubated at 
30 °C for 20 hours. A portion of the ligation reaction 
5 mixture was transformed into E.coli MC1061 (Available 
from, for example Clontech Laboratories Inc, Palo Alto, 
California) and colonies identified by hybridisation with 
the oligonucleotide D1.3CDR3A as described in example 10. 
The presence of the VHCH1 gene fragment was likewise 
10 confirmed by PCR, using oligonucleotides KSJ6 and 7. A 
representative clone was called fd CAT2VHCH1 D1.3. The 
heavy chain was deleted from Fab D1.3 in pUC19 by Sph I 
cleavage of Fab D1.3 plasmid DNA. The pUC 19 2.7Kb 
fragment containing the light chain gene was purified 
15 from a TAE agarose gel, and lOng of this DNA self-ligated 
and transformed into competent E.coli TGI. Cells were 
plated on 2TY agar containing ampicillin (lOOiig/ml) and 
incubated at 30 °C overnight. The resulting colonies were 
used to make miniprep DNA ( Sambrook et al . supra ) , and 
20 the absence of the heavy chain gene confirmed by 
digestion with Sph I and Hind III. A representative 
clone was called LCD1.3 DHC. 

An overnight culture of fd CAT2VHCH1 D1.3 cells was 
microcentrifuged at 13,000Xg for 10 minutes and 50pl of 
25 the supernatant containing phage particles added to 50]xl 
of an overnight culture of LCD1.3 DHC cells. The cells 
were incubated at 37 °C for 10 minutes and plated on 2TY 
agar containing ampicillin ( lOOpg/ml ) and 15pg/ml 
tetracycline. Phage were prepared from some of the 
30 resulting colonies and assayed for their ability to bind 
lysozyme as described in example^ 6. 

The results (Figure 11) showed that when the heavy 
and light chain Fab derivatives from the original 
antibody Dl„3 were present, the pAb bound to lysozyme. 
35 pAb expressing the fd VHCH1 fragment did not bind to 
lysozyme unless grown in cells also expressing the light 
chain. This shows that a functional Fab fragment was 
produced by an association of the free light chain with 
VHCH1 fragment fused to gene III and expressed on the 
40 surface of the pAb. 
Example 8 

Isolation of Specific, Desired Phage from a Mixture of 
Vector Phage . 

The applicant purified pAb (D1.3) (originally called 
45 fdTscFvD1.3 in example 2) from mixtures using antigen 
affinity columns. pAb (D1.3) was mixed with vector fd 
phage (see table 1) and approximately 10 12 phage passed 
over a column of lysozyme-Sepharose (prepared from 
cyanogen bromide activated sepharose 4B (Pharmacia, 
50 Milton Keynes, Bucks, UK. ) according to the manufacturers 
instructions. TGI cells were infected with appropriate 
dilutions of the elutes and the colonies derived, were 
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analysed by probing with an ol^onucleotxde that detects 
only the (J .3) see 1 1 Fig. 1^ & 

£ °} d e n? s = Bv /rowing the enriched phage and passing 
column pass. By growing w .*> _ ents of up to a million 
5 it down the column again, enrichments or up 

fold were seen. ^ om nn<?trated using purely 

^•^iiSa" 1 ^SST W 12 Phage P ( at a 
immunological criteria^ fi f * Tps/Bs) was subjected 

ratio of 1 ^J^'ZlJZ, selection, and then 26 colonies 
10 to two rounds of a "^J_t The phage was then assayed 
picked and grown °? &rnx J3 ht ' ™ & ( Z S example 6). Five 
for lysozyme . binding by HLISA (as examp^ ^ 

l£r£JT^^™^ Su^SL of I 

15 Su 3 te ft ^Si^ ™ " 72 ' C USln9 
m ™«™? *nrf oiiao 3 (fig. 4) as primers). _ _ _ 

w*— ■ - « an hp tlSnea UUl wi a-u.*a w 

populaSon^ uSVe^ ^select an, then screen 
20 the phage^ ^ chromatography of P^s -d 

oligonucleotide probing were carried out as 

^Approximately 10« phage Part^ in 1ml 
25 loaded onto a 1 ml iysozyme-sepnaro^ . 

was washed 

which ^^ Q ^^ e \^ n ^l 50 mM Tris-HCl, 500 mM 
in turn with 10 ml ^ H f'_ ^ ne " Z._ „ rl 500 m Na ci pH 8.5; 
Nacl P H 7.5; then 10ml 50 mM Tris-HCl _500 i » (a S just ed 
then 5 mis 50 mM Tris-HCl 500 mM NaC pH 9-b i 3 ^ 
30 with triethylamine) ^ en f with 0.5 N 

triethylamine. The ,^ U ^ e 6 f an d the phage plated for 
sodium phosphate buffer pH 6.8 and tne sp s ^ ^ t phV/ 

analysis. For a sec ° n u d " un 4 s ^ VoOO 
the first column el uate was plat ea growth, 
colonies per petn After o « d± and a 

colonies were then scraped into 5 ml 2 ^x TY rne^ ^ ^ 
20 ul aliquot diluted into 10 *±J^^£?Z described 
S^susSdKTrm loaded onto the 
column, washed and eluted as above. 

SSS5i?S?Wr^^) C(A or T) GC CGT CTA CTA CTG 

TGC 3 40 pmole of oligonucleotide VH1F0R (Ward E S et 
al (l 4 989rNature 341 , 544-M6) ^ ^ 
was phosphorylated with 100 uCi o 32P pu . y ^ 

'T^'^iJ? SSSc 'et al., supra. 

Surfer "SSs allowed J:o o^.^™. 

50 temperature for 30 mins, washed 3 x 1 mm 

x SSC. 
Example 9 
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Construction of pAb Expressing Anti -hapten Activity 
Oxazolone is a hapten that is commonly used for studying 
the details of the immune response. The anti-oxazalone 
antibody, NQ11 has been described previously (E. 
5 Gherardi, R. Pannell, C. Milstein, J. Immunol. Method 126 
61-68). A plasmid containing the VH and VL gene of NQ11 
was converted to a scFv form by inserting the BstEII/SacI 
fragment of scFvD1.3 myc (nucleotides 432-499 of Fig. 5) 
between the VH and VL genes to generate pscFvNQll, the 

10 sequence of which is shown in fig. 13. This scFv was 
cloned into the Pstl/Xhol site of FdTPs/Xh (as described 
earlier) to generate pAb NQ11 has an internal Pstl site 
and so it was necessary to do a complete digest of 
pscFvNQll with Xhol followed by a partial digest with 

15 Pstl). 

The specific binding of pAb NQ11 was confirmed using 
ELISA. ELISA plates were coated at 37 °C in 50 mM NaHC03 
at a protein concentration of 200 pg/ml . Plates were 
coated with either hen egg lysozyme ( HEL ) , bovine serum 

20 albumin ( BSA ) , or BSA conjugated to oxazolone (OX-BSA) 
(method of conjugation in Makela 0.,, Kartinen M. , 
Pelkonen J.L.T., Karjalainen K. (1978) J. Exp. Med. 148 
1644). Preparation of phage, binding to ELISA plates, 
washing and detection was as described in example 6. 

25 Samples were assayed in duplicate and the average 
absorbance after 10 minutes presented in figure 14. 

This result demonstrates that the pAb NQ11 binds the 
correct antigen. Figure 14 also shows that pAb D1.3 and 
pAb NQ11 bind only to the antigen against which the 

30 original antibodies were raised./ 
Example 10 

Enrichment of pAb D1.3 from Mixtures of Other pAb by 
Affinity Purification 

3 x 10 10 phage in 10 mis of PBSM at the ratios of 

35 pAb D1.3 to pAb NQ11 shown in table 2 were passed over a 
1 ml lysozyme Sepharose column. Washing, elution and 
other methods were as described in example 8 unless 
otherwise stated. Eluates from the columns were used to 
infect TGI cells which were then plated out. Colonies 

40 were probed with a probe which distinguishes pAb D1.3 
from pAb NQ11. The sequence of this oligonucleotide 
(D1.3CDR3A) is:- 

5 1 GTA GTC AAG CCT ATA ATC TCT CTC 3' 

Table 2 presents the data from this experiment. An 
45 enrichment of almost 1000 fold was achieved in one round 
and an enrichment of over a million fold in two rounds of 
purification. This parallels the result described in 
example 8. 
Example 11 

50 Insertion of a Gene Encoding an Enzyme (Alkaline 
phosphatase) into fd-CAT2 

As an example of the expression of a functional 
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f Stf.fttS's"— VtS! kcmt° a ^ g cloning into fd- 
I to create a gene III fusion protern. The 

10 £SMtS ZF£&"S5r** OTT GAA CGG ACA CCA 

l££% C Zf7X'A CCC TTT CAC CCC CAG AGC GGC 

?ne seauence «~*^£>?^£%£ 1 212&& 

from the sequence of Chang ex ax, uy_ ^ 
converts arginine to alamine « ^OOul of 10 mM 

The PCR reaction wa s car ^ ed ° u I L 1 in sSnTP 2.5 mM 
20 Tris/HCl P H 8.3 containing 5C I mM KC1 SmMdNTP ase 

MgCl 2 , 0-01% ff lat f n ' °o 25 5u aMi template. ThS template 
(Cetus/Perkin Elmer) and 10 -5WJ^- ^ SrSaroglou et al., 

50°C, 3 min at 72°C. uas extracted with 

I^C^fter TSfJSSSSUJSfS'Sr -V- at 65-C 
Sci" was "Ilea to a final °f 15 0-1 and 0.4 

35 £2? -fe^lS ««nSnol==hlo r ofor. 

of water. The ^ ec ^°;/ a . c _ ordinq to the manufacturers 
with Apa LI and Not! ^^ lt intestin al alkaline 

f If elation 
ligations were perf ormed J*** « £ dige sted PCR 

of l-2ng/ul of 2^ < ^ 8 M trani f 0nB d lnto competent 

product. The lig" 1 ^ " e T \ e tet plat es. Identification 

50 boiled samples of the resUi J 9 ± frame to g ^ ne m 
^fcalt™^ fSt. ^ne^ouence at tne Junction 
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of the cloning region is given in figure 15. 
Example 12 

Measuring Enzyme Activity of Phage-enzyme 

Overnight cultures of TGI or KS272 (E.coli cells 
5 lacking phoA. Strauch K. L. , and Beckwith J, PNAS 85 
1576-1580, 1988) cells containing either fd-phoAla 166 or 
fd-CAT2 were grown at 37 °C in 2xTY with 15pg/ml 
tetracycline. Concentrated, PEG precipitated phage were 
prepared as described earlier. Enzyme assays (Malamy, 
10 M . H . and Horecker B.L., Biochemistry 3, pl893-1897, 
(1964)) were carried out at 24°C in a final concentration 
of 1M Tris/HCl pH 8.0, ImM 4-nitrophenyl phosphate 
(Sigma), ImM MgC12. lOOpl of a two times concentrate of 
this reaction mixture was mixed with lOOyl of the test 
15 sample in a 96 well plate. Absorbance readings were 
taken every minute for 30 minutes at a wavelength of 
405nm in a Titretek Mk 2 plate reader. Initial reaction 
rates were calculated from the rate of change of 
absorbance using a molar absorbance of 17000 1/mol/cm. 
20 Standard curves (amount of enzyme vs. rate of change 

of absorbance) were prepared using dilutions of purified 
bacterial alkaline phosphatase (Sigma type III) in lOmM 
Tris/HCl pH 8.0, ImM EDTA. The number of enzyme 
molecules in the phage samples were estimated from the 
25 actual rates of change of absorbance of the phage samples 
and comparison to this standard curve. 

The results in Table 3 show that alkaline 
phosphatase activity was detected in PEG precipitated 
material in the sample containing fd-phoAlal66 but not 
30 fd-CAT2. Furthermore, the level of activity was 
consistent with the expected number of 1-2 dimer 
molecules of enzyme per phage. The level of enzyme 
activity detected was not dependent on the host used for 
growth. In particular, fd-phoAlal66 grown on phoA minus 
35 hosts showed alkaline phosphatase activity. 

Therefore, the phage expressed active alkaline 
phosphatase enzyme, from the phoA-gene III fusion, on the 
phage surface . 
Example 13 

40 Insertion of Binding Molecules into Alternative Sites in 
the Phage 

The availability of an alternative site in the phage 
for the insertion of binding molecules would open up the 
possibility of more easily expressing more than one 

45 binding molecule e.g. an antibody fragment in a single 
pAb. This may be used to generate single or multiple 
binding specificities. The presence of two distinct 
binding activities on a single molecule will greatly 
increase the utility and specificity of this molecule. 

50 It may be useful in the binding of viruses with a high 
mutational rate such as human immunodeficiency virus. In 
addition, it may be used to bring antigens into close 
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proximity (e.g. drug targetting or cell fusion) or it 
may act as a "molecular clamp" in chemical, immunological 
or enzymatic processes. 

The vector fd-tet and the derivatives described 
5 here have a single BamHl site in gene 3. This has 
previously been used for the expression of peptide 
fraoments on the surface of filamentous bacteriophage 
(Smith GP. (1985) Science 228 pl315-1317 and de la Cruz 
et al (1988) J Biol. Chim. 263 p4318-4322). This 
10 provid es a potential alternative site for the insertion 
of antibody fragments . 

DNA fragments encoding scFv's from D1.3 or NQ11 were 
generated by PCR using the primers shown below. These 
primers were designed to generate a fragment with BamHl 
15 sites near both the terminii, to enable cloning into the 
BamHl site of gene3 (see figure 16(1) . The 

oligonucleotides usea, <ij.su eusuic =, - -- 

product lacks Pstl and Xhol restriction sites normally 
used for manipulating the scFv's (see figure 16(1)). 
20 This will facilitate subsequent manipulation of a secona 
antibody fragment in the usual way at the N terminus of 
aene 3. The oligonucleotides used were:- 
G3Baml 5'TTT AAT GAG GAT CCA CAG GTG CAG CTG CAA GAG 3 
G3Bam2 5'AAC GAA TGG ATC CCG TTT GAT CTC AAG CTT 3'. 
25 Pre paration of vector and PCR insert 

The pgr reaction was carried out in an 80 ul 

reaction as described in example 11 using lng/ul of 
template and 0.25U/ul of Taq polymerase and a cycle 
regime of 94 °C for 1 minute, 60 °C for 1 minute and 70 C 
for 2 minutes over 30 cycles. The template was either 
pscFvNQll (example 9) or scFvD1.3 myc (example 2). 
Reaction products were extracted with phenol: chloroform, 
precipitated, dissolved in water and digested with BamHl 
according to manufacturers instructions. The digest was 
35 re-extracted with phenol: chloroform, precipitated and 
dissolved in water. 

The vector fdTPs/Xh was cleaved with BamHl ana 
treated with calf intestinal phosphatase and purified as 
described in example 2. Ligations were set up at a 
40 vector concentration of approximately 6ng/ul and a PCR 
insert concentration of approximately 3ng/ul. These were 
ligated for 2.5 hours at room temperature before 
transforming into competent TGI cells and plating on TY 
tet plates. The resultant colonies were probed as 
45 described in example 8. DNA was prepared from a number 
of colonies and the correct orientation and insert size 
confirmed by restriction digestion with Hind III m 
isolation or in combination with BamHl. (One Hind III 
site is contributed by one of the primers and the other 

50 by the vector). ,\c Jm „ , x 

Two clones containing a D1.3 insert (fdTBaml) and 
fdTBam2) and one containing an NQ11 insert (NQllBaml) 
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were grown up and phage prepared as described earlier. 
ELISAs were carried out as described in example 6. No 
specific signal was found for any of these clones 
suggesting that the natural BamHl site is not a suitable 
5 site for insertion of a functional antibody (results not 
shown ) . 

It may be possible to clone into alternative sites 
to retain binding activity. The peptide repeats present 
in gene III may provide such a site ( figure 16 blocks A 

10 and B). This can be done by inserting a BamHl site and 
using the PCR product described above. To facilitate 
this, the natural BamHl site was removed by mutagenesis 
with the oligonucleotide G3mut6Bam shown below (using an 
in vitro mutagenesis kit (Amersham International)):- 

15 G3mut6Bam 5 1 CA AAC GAA TGG GTC CTC CTC ATT A 3 ? 

The underlined residue replaces an A residue, thereby 
removing the BamHl site. DNA was prepared, from a number 
of clones and several mutants lacking BamHl sites 
identified by restriction digestion. 

20 The oligonucleotide G3 Bamlink was designed to 

introduce a BamHl site at a number of possible sites 
within the peptide linker sites A and B, see figure 
16(2). The sequence of the linker is: 

Bamlink 5'CC (G or A) CC ACC CTC GGA TCC (G or A) CC ACC 
25 CTC 3' \ 

Its relationship to the peptide repeats in gene III is 
shown in figure 16. 
Example 14 

PCR Assembly of Mouse VH and VL Kappa (VLK) Repertoires 
30 for Phage Display 

The principle is illustrated in figure 17. Details 
are provided in sections A to F below but the broad 
outline is first discussed. 

■1. cDNA is prepared from spleen RNA from an appropriate 

35 mouse and the VH and VLK repertories individually 

amplified. Separately, primers reverse and 
complementary to VH1F0R-2 (domain 1) and VLK2BACK 
(domain 2) are used to amplify an existing scFv- 
containing DNA by PCR. (The term FOR refers to e.g. 

40 a primer for amplification of sequences on the sense 

strand resulting in antisense coding sequences. The 
term BACK refers to e.g. a primer for amplification 
of sequences on the antisense strand resulting in 
sense coding sequences ) . This generates a ? linker 1 

45 molecule encoding the linker with the amino acid 

sequence (1 letter code) ( GGGGS ) 3 which overlaps the 
two primary (VH and VLK) PCR products. 
2. The separate amplified VH, VLK and linker sequences 
now have to be assembled into a continuous DNA 

50 molecule by use of an 'assembly 1 PCR. In the 

secondary 'assembly,' PCR, the VH, VLK and linker 
bands are combined and assembled by virtue of the 
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above referred t. °«rl a PS This S~££- ^ 

present f!an£Ing primers VH1BACK (referring 

the presence of the flanKxgP nucleotide sequences 
to domain 1 of VH ) and vb provided under the 
for these oUg^ol^lto JgJS^ below. This two 
section entitled P*xn»* & £ potential problem of 
^MS'SliSSi^ of e t h P e first combinations to 
be assembled. nhMe SV stem, the assembled 

„ jSf^S "e?* wi 7 th the , appropriate 

r^icVion-sites. In the ^^J^^^ta^^ 
illustrated by providing » ^LSTS? a So? 1 site at 
VH end of the continuous DNA molecule J na * N d t by a 
the VLK end of the molecule *h£J* ^e nucleotide 

third ^.^ i ^ 0 SSSSJ^'vr3M Un are also 
sequences for these anHtlfld 'Primer Sequences* 

provided under the section e^ 1 * 1 ^ ™| lig J t cha in 
Llow. There are > howevex : 4 ^^l^tealy chain 
sequences <» hereas * S Therefore 4 oligonucleotide 
sequence can be used ) . ™ ere "JJ 

primer sequences are Prided for VLK^ g which 

For this third stage PCR, sers o v f ther i 0 
create the new restriction ^^sSStion'sIte have 
nucleotides on the 5 side °* x ™ . better cutting, 

^^^JW'rJ^^k^ X U a S t ed all 

111 ^ScrupSously clean procedures must be use at all 

35 times to avoid . contamination ^ i^incSSS *o 

controls containing no DNA must a ^ ys . must be 

.onitpr for cont^x^on^O^boj.. (bio 

depurmated. * d0da £ a California , USA) can be 

Geneclean, La Jolla, ban uieg , ruct ions to extract 

40 used according to manuf acturers jns tru pt ^ wash 

DNA from an agarose gel. The oeaus, 

should be a li( 3 uot ®!' ob t ai ned from CP Laboratories, P.O. 
All enzymes were obtained rrom v. 

S^tJSr^Sf^' eSS^eL were use* 

unless otherwise stated* 

sssr^ss-^ssss. <— n*-* 
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complex) as an RNase inhibitor is necessary for spleen 
cells). Guanidinium isothiocyanate/CsCl procedures 
(yielding total cellular RNA) also give good results but 
are more time-consuming. 
5 1. Harvest 1 to 5 x 10 7 cells by centrifugation in a 
bench tope centrifuge at 800xg for 10 minutes at 
4°C. Resuspend gently in 50ml of cold PBS buffer. 
Centrifuge the cells again at 800xg for 10 minutes 
at 4°C, and discard supernatant. 
10 2. On ice, add 1 ml ice-cold lysis buffer to the pellet 
and resuspend it with a 1ml Gilson pepette by gently 
pepetting up and down. Leave on ice for 5 minutes. 

3. After lysis, remove cell debris by centrif uging at 
1300 rpm for 5 minutes in a microfuge at 4°C, ' in 

15 precooled tubes. 

4. Transfer 0.5 ml of the supernatant to each of two 
eppendorfs containing 60\xl 10% (w/v) SDS and 250 jal 
phenol (previously equilibrated with 100 mM Tris-HCl 
pH 8.0). Vortex hard for 2 minutes, then microfuge 

20 (13000 rpm) for five minutes at room temperature. 

Transfer the upper, aqueous, phase to a fresh, tube. 

5. Re-extract the aqueous upper phase five times with 
0.5 ml of phenol . 

6. Precipitate with 1/10 volume 3M sodium acetate and 
25 2.5 volumes ethanol at 20°C overnight or dry ice- 

isopropanol for 30 minutes. 

7. Wash the RNA pellet and resuspended in 50 \il to 
check concentration by 0D260 and check 2 \ig on a 1% 
agarose gel. 40jag of RNA was obtained from spleen 

30 cells derived from mice. 

Lysis buffer is [lOmM Tris-HCl pH 7.4, ImM MgC12, 150mM 

NaCl, lOmM VRC (New England Biolabs ) , 0.5% (w/v) Triton 

X-100] , prepared fresh. 
35 Lysis buffer is [lOmM Tris-HCl pH 7.4, ImM MgCl 2 , 

150mM NaCl, lOmM VRC (New England Biolabs), 0.5% (w/v) 

Triton X-100], prepared fresh. 

B. cDNA Preparation 

cDNA can be prepared using many procedures well 
40 known to those skilled in the art. As an example, the 

following protocol can be used: 

1. Set up the following reverse transcription mix: 

Hi 

H 2 0 (DEPC-treated) 20 
45 5mM dNTP 10 
10 x first strand buffer 10 
0.1M DTT 10 

FOR primer(s) (10 pmol/pl ) 2 (each) (see below) 

RNasin (Promega; 40 U/pl ) 4 
50 NB 

i) DEPC is diethylpyrocarbonate, the function of which 
is to inactivate any enzymes that could degrade DNA 
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±i , dNTP is de^^t^^S^f which is as an 
1U) S^r^- ^ing environs 
necessary for ^e functxon ^ 

±V) CorpSSSST 2800 Woods Hollow Road, 

Madison, Wisconsin USA. volume with DEPC- 

2. Dilute 10 ug RNA to 40 u^ final v ° s and hold 

treated water. Heat at 65 c to secondary 
nn ice for one minute i 



on ice 

3. 



structure). rQT - eo -transcription mix (58 ul) 

Add to the RNA jthe lo ^| r ^ v Sr transcriptase "Super 
and 4 ul of the cloned reve white hall House, 

RT- (Anglian Biotech Ltd^Whxteh ^ ^ 

Whitehall Road, Colchester, Essex; 

"tube. .. n < M kci 0.5M Tris-HCl 

10 x first strand buffer is [1.4M kci, 

p H 8.1 at 42«C 80mM end> Examp ies of kappa 

The primers anneal to the 3 m JK2F0NX , MJK4FONX and 
light chain P ri f « ,^ d e " J S; sequences' below) and 
MJK5F0NX (P rovlded u unde ^,^ r r ar e MIGG1, 2 (CTGGACAGG 
examples of heavy chain p««m ?c* G Gh C AGG GCT CCA TAG 
GAT CCA GAG TTC CA) and MIGG3 CTG 

TTC CA) which anneal to CHI- 3 < end 

Alternatively, any primer ^ that bi cons tant 

S-^S^C, and "^"^Sfc^o 1 ?^! 



H 2 0 f ^ 

10 x Vent buffer ^ 

20 x Vent BSA f 



Z.U A v ~ - c 

5mM dNTPs = 
FOR Drimer 10 pmol/ul) ^ 
BACK~orimer lOpmol/ul 2.o 

The FOB and BACK Pri— given in the -«J°J m ^ 
entitled 'Primer Sequences . For vm fqr 
VH1F0R-2 and ^e BACK primer i^HlBACK FO MJK5F0NX 

?lcr er tne ^r^pS^SS"^" chains, and the BACK 



WO 92/01047 



PCI7GB91/01134 



C 3 



30 



primer is VK2BACK. Only one kappa light cnair. BACK 
primer is necessary, oecause binding is no a nucieoride 
sequence common ro the four kappa light chains. 

UV this mix 5 minutes. Add 2.5 ui cDNA preoaration 
5 (from B above), 2 drops paraffin oil ( Sigma ' Chemicals , 
Poole, Dorset, UK). Place on a cycling heating block! 
e.g. PHC-2 manufactured by Techne Ltd. Duxford UK, pre- 
set at 94°C. Add Vent DNA polymerase under " the 
paraffin. Amplify using 25 cycles of 94 °C 1 rain, 72 °C 2 
10 min. Post-treat at 60°C for 5 min. 

Purify on a 2% Imp (low melting point agarose/TAE 
( tris-acetate EDTA )gel and extract the DNA to 20 ui KoO 
per original PCR using a Geneclean kit < see earlier ; in 
accordance with the manufacturers instructions. 
15 D . Preparation of linker 

Set up in. bulk (e.g. 10 times) 

Hi 

H 2 0 34.3 

10 x Vent buffer 5 
20 20 x Vent BSA 2.5 

5mM dNTPs 2 

LINKFOR primer 10 pmol/yl ) 2.5 

LINKBACK primer 10pmol/ul 2.5 

DNA from fcFv D1.3 (example 2)1 
25 Vent enzyme 0.2 

The FOR and BACK primers are given in the section below 
entitled ' Primer Sequences ! . The FOR primer is LINKFOR 
and the BACK primer is LINKBACK. Cover with paraffin and 
place on the cycling heating block (see above) at 94 °C. 
Amplify using 25 cycles of 94 °C 1 min, 65 °C 1 min, 72 °C 2 
min. Post-treat at 60°C for 5 min. 

Purify on 2% Imp/TAE gel (using a loading dye 
without bromophenol blue as a 93bp f raament is desired ) * 
35 and elute with SPIN-X column ( Costar Limited, 205 
Broadway, Cambridge, Ma. USA.,) and Drecipitation. Take 
up in 5 ill H 2 0 per PCR . reaction. 
£. Assembly PCRs 

A quarter of each PCR reaction product ( 5ul ) is 
40 used for eacn assembly. The total volume is 25ul. 

For each of the four VLK primers, the following are 
set up: 

H 2 0 4.95 
45 10 x Vent buffer 2.5 
20 x Vent BSA 1.25 
5mM dNTPs o.S 

UV irradiate this mix for 5 min. Add 5ul eacn cf Vh and 
50 VK band from the primary PCRs and 1.5 ul cf linker as 
isolated from the preoarative gels and extracted . using 
tne Geneclean kit as descriDed in C and D anove. Cover 
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u , th naraff in Place on the cycling heating block preset 
with paraffxn. ^ paraff±n . Ampx ry us ^g 

7 cycles of 94'C 2 min, 72'C 4 min. Then return the 
_ temperature to 94'C. ^ priate VKFOR 

° primers MJK1F0NX MJK2F0NX , MJK4FONX or MJK5F0NX (10 
Smiw? n a- 94 °C The primers should nave been UV- 
asabote Amplify using 20 cycles of 94'C 1.J 
•C2 5min. Posr-treat at 60°C for 5 mm. Purify 
in S 2* Imo/M gel and extract the DNA to 20ul H 2 0 per 
10 Ssemblv PC^ using a Geneclean kit (see earlier) xn 
accord Jce with the manufacturers instructions. 
F Adding Restriction Sites 
For each assembly and control set up: 

15 ^ 

H 2 0 ? 6 ' 3 

10 x Tag Duffer = 

5mM dNTPs t. _ 

FOR primer (10 pmol/ul) 
20 BACK" primer (10 pmol/ul) 2 - 5 

Assembly product 1 

The FOR and BACK primers are given in the section below 
titled Primer Sequences'. The FOR primer is any of 
25 SSSS. SoTlO^NOTlO or JK5NOT10 (for the four 
resnective kappa light chains) for putting a Notl 

if to 15 rounds of cycling (depends on efficiency) « 
35 94'C 1 min, 55"C 1 mm. 72'C 2 min. Post-treat at 60 C 

£ ° r "iTx Tao buffer is [0.1M Tris-HCl pH 8.3 at 25-C, 
0.5M KC1. 15mM MgCl 2 , lmg/ml gelatin]. 

40 ^ pSrifv P once with CHCI3/IAA ( isoamylalcohol ) once 

with Dhenol once with CHCI3/IAA and back-extract 
e^tntna to ensure minimal losses Precipitate and 
wash' twice in 70% EtOH. Dissolve m 70ul H 2 0 
Digest overnight at 37 °C with Notl: ul 

DNA (joined seq ) /u 
NEB Notl buffer x 10 10 
NEB BSA x 10 10 
Notl (10 U/ul! 10 ■ 

The DNA (ioined seauence ) above refers to the assembled 
DNA seauence comprising in the 5' to j ' direction 
ApaLi restric-ion site 
VH sequence 



50 



WO 92/01047 



PCT/GB91/01134 



Linker sequence 

VLK sequence 

Not: 1 restriction site. 

The VLK sequence may be any one of four possible 
5 kappa chain sequences. 

The enzymes Not 1 above, ApaLl below and the buffers 
NEB Not 1, NEB BSA above and the NEB buffer 4 (below) are 
obtainable from CP Laboratories, New England Bioiabs 
mentioned above . 
10 Re-precipitate, take ud in 80\il H^O. Add to this 

10ul NEB buffer 4 and 10ul Apal 1. 

Add the enzyme ApaLl in aliquots throughout the day, 
as it has a short half-life at 37°C. 

Purify on 2% lmp/TAE gel and extract the DNA using a 
15 Geneclean kit, in accordance with the manufacturers 
instructions. Redigest if desired. 
H. Final DNA product 

The final DNA product is an approximate 700 bp 
fragment with Apa LI and Notl compatible ends consisting 
20 of randomly associated heavy and light chain sequences 
linked by a linker. A typical molecule of this type is 
the scFvD1.3 molecule incorporated into fdscFvD1.3 
described in example 3. These molecules can then be 
ligated into suitable fd derived vectors, e.g. fdCAT2 
25 (example 5), using standard techniques. 
Primer sequences 

Primary PCR oligos ( restrictions sites underlined ) : 





VH1FOR-2 


TGA 


GGA 


GAC 


GGT 


GAC 


CGT 


GGT CCC 


TTG 


GCC 


CC 






VH1BACK 


AGG 


TSM 


ARC 


TGC 


AGS 


AGT 


CWG G 










30 


MJK1FONX 


CCG 


TTT 


GAT 


TTC 


CAG 


CTT 


GGT GCC 












MJK2F0NX 


CCG 


TTT 


TAT 


TTC 


CAG 


CTT 


GGT CCC 












MJK4FONX 


CCG 


TTT 


TAT 


TTC 


CAA 


CTT 


TGT CCC 












MJK5F0NX 


CCG 


TTT 


CAG 


CTC 


CAG 


CTT 


GGT CCC 












VK2BACK 


GAC 


ATT 


GAG 


CTC 


ACC 


CAG 


TCT CCA 










35 


Ambiguity codes M 


= A 


or ( 


Z . R 


= A 


or G, S 


= G 


or C. 






W = A or 


T 
























PCR oligos to 


make linker 


















LINKFOR 


TGG AGA CTC GGT GAG CTC AAT GTC 










40 


LINKBACK 


GGG ACC ACG GTC ACC GTC TCC TCA 












For adding restriction sites: 
















HBKAPA10 


CAT 
GG 


GAC 


CAC 


AGT 


GCA 


CAG 


GTS MAR 


CTG 


CAG 


SAG 


TCW 




JKINOT10 


GAG 


TCA 


TTC 


TGC 




CGC 


CCG TTT 


GAT 


TTC 


CAG 


CTT 


45 




GGT 


GCC 






















JK2NOT10 


GAG 


TCA 


TTC 


TGC 


GGC 


CGC 


CCG TTT 


TAT 


TTC 


CAG 


CTT 






/-*■ r~» rp 
UO 1 


CCC 






















JK4NOT10 


GAG 


TCA 


TTC 


TGC 




CGC 


/""^ rp rp 

V^V—VJ * * * 


TAT 


^TC 


CAA 


£ rp rp 






TGT 


CCC 




















50 


JK5N0T10 


GAG 


TCA 




TGC 


GGC 


CGC 


Hff HO 

^L/O * * * 


CAG 




CAG 


r- rp rp 






GGT 


CCC 
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10 



15 



20 



25 



insertion of t he Extracellular Domain nf a Human Receptor 
?n" Platelet Derived Growth F^rnr < PDGK ) sof orm BB into 



£d CAT2 



^Taene fragment encoding the extracellular domain of 
the ^um g an e rec e ^or for plateler derived 9^ J^or 
isoform BB (h-PDGFB-R) was isolated by ^± £lM |£; n ' 
using the polymerase chain reaction, of plasmid RP41, 
( from the American Type Culture collection Cat. 
No 50735), a cDNA clone encoding -i™ds 4 & \ ^ f 5 
the PDGF-B receptor (Gronwald, R.G.K. et ax ™*fL 
2u35-3439 (1988)). Amino acids 1 to 32 of h-PDGFB-R 
constitute the signal peptide. The oligon«:leotxde 
pliers were designed to amplify the region of the h 
pSfb-R gene corresponding to amino acids 43 to 531 of 

encoded protein. The primer RPDGF3 for the N 
rJrminal region also included bases encoding ammo acids 
X% rn 42 of the h-PDGFB-R protein (corresponding to^the 
first ten amino acids from the N-terminu S '"y~ e 

SSSiM 0 - T ^ So 

?^lLa« iq cloning 0 in~tL Ue£? fdCAT2. The sequence 
of the primers is: 

punrFS 5' CAC AGT GCA CTG GTC GTC ACA CCC CCG GGG CCA GAG 
RPDGF3 5 CAC AGT G^ ^ ^ ^ ^ ^ 

RPDGF2 5' GAT CTC GAG CTT AAA GGG CAA GGA GTG TGG CAC 3 

pp» amnlification was performed using high fidelity 
30 conditions fEckert^ K. A . and* Kunkel, T.A. 1990 Nucl Acids 
Research 18 3739-3744). The PCS mixture contained: 20mM 
S ( ;„ 7 3 at 70 -C 50mM KC1 , 4mM magnesium chloride, 

Q T itf gel P at\n U each of dATP , dCTP, dGTP and dTTP, 
500ng/ml R^'DNA, luM each primer and ^ -its /ml Tag 

delation at* 92^ for 1 min annealing at 60'C for 
££l£? ra^icaVon C 0 f f f foment of ca. 1500bp as 

40 expected ^ ( ^ g } digested with 

ApaLl and Xhol (New England Biolabs ) according to 
Manufacturers recommendations, .extracted with 
nhenol/ chloroform and ethanol precipitated (SambrooK ex 

45 ll supra) Cloning of amplified RP41 DNA into this 
vector an d identification of the desired clones was 
Performed essentially as in example 7 except : that 
STSSlon of the PCR product was with ApaLl and Xho 1. 
Slonies containing h-PDGFB-R DNA were identified by 

50 prooTng with 32p labelled RPDGF2 and the presence of an 
insert in hybridising colonies was confirmed by 
anaJ^ical PCR using RPDGF3 and RPDGF2 using the 
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conditions described in example 7 . 
Example 16 

Binding of 125I-PDGF-BB tro the Extracellular Domain of 
5 the Human Receptor for Plarelet Derived Growth Factor 
Isoform BB Displayed on the Surface of fd Phage. 
Measured using an Immunoprecipitation Assay. 

Phage particles, expressing the extracellular domain 
of the human platelet derived growth factor isoform BB 
10 receptor ( f d h-PDGFB-R ) , were prepared by growing E.coli 
MC1061 cells transformed with fd h-PDGFB-R in 50ml of 
2xTY medium with 15ug/ml tetracycline for 16 to 20 hours. 
Phage particles were concentrated using polyethylene 
glycol as described in example 6 and resuspended in PDGF 
15 binding buffer ( 25mM HEPES, pH7.4, o.lSmM NaCI , ImM 
magnesium chloride, 0.25% BSA) to 1 /33rd of the original 
volume. Residual bacteria and undissolved material were 
removed by spinning for 2 min in a mocrocentrif uge. 
Immunoblots using an antiserum raised against gene III 
20 protein (Prof. I. Rashed, Konstanz, Germany) show the 
presence in such phage preparations of a genelll-h-FDGFB- 
R protein of molecular mass 125000 corresponding to a 
fusion between h-PDGFB-R external domain ( 55000 daltons ) 
and genelll (apparent molecular mass 70000 on SDS- 
25 polyacrylamide gel ) . 

Duplicate samples of 35pl concentrated phage were 
incubated with 125 I-PDGF-BB (78.7fmol, 70nCi, 882Ci/mmol; 
Amersham International pic, Amersham, Bucks) for 1 hour 
at 37°C. Controls were included in which fdTPs/Bs vector 
30 phage (figure 4) or no phage replaced fd h-BDGFB-R phage. 
After this incubation, lOul of sheep anti-M13 polyclonal 
antiserum (a gift from M. Hobart ) was added and 
incubation continued for 30 min at 20°C. To each sample, 
40ul ( 20ul packed volume ) of protein G Sepharose Fast 
35 Flow (Pharmacia, Milton Keynes) equilibrated in PDGF 
binding buffer was added. Incubation was continued for 
30 min at 20 °C with mixing by end over end inversion on a 
rotating mixer. The affinity matrix was spun down in a 
microcentrifuge for 2 min and the supernatant removed by 
40 aspiration. Non-specif ically bound 125 I-PDGF-BB was 
removed by resuspension of the pellet in 0.5ml PDGF 
binding buffer, mixing by rotation for 5 min, 
centrif ugation and aspiration of the supernatant, 
followed by two further washes with 0.5ml 0.1% BSA, 0.2% 
.45 Triton-X-100 . The pellet finally obtained was 
resuspended in lOOul PDGF binding buffer and counted in a 
Packard gamma counter. For displacement studies, 
unlabelled PDGF-BB (Amersnam International) was added to 
the stated concentratior. for the incubation of 125 I-FDGF- 
50 BB with phage.- 

1 25^" PDGF * BB bound to the fd h-PDGFB-R phage and was 
immunoprecipitated in this assay. Specific binding to 
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receptor Dhaae was 3.5 to 4 times higher tnan tne non- 
specific binding with vector- phage fdTPs/Bs or no phage 
(fiq 19). This binding of ^S^poGF-BB could be 
displaced by the inclusion of unlabelled PDGF-BB xn the 
5 incubation with phage at 37'C ( f ig . JO ) At 50nM 
unlabelled PDGF-BB the binding or l^I-PDGF-BB was 
reduced to the same level as the fdTPs/Bs and no pnage 
control. Figure 21 shows the same data, but with the 
non-specific binding to vector deducted. e .,„ hle 

LO These results indicate that a specific saturable 

site for 125 I-PDGF-BB is exnressed on fd phage containing 
cloned h-PDGFB-R DNA. Thus, the phage can display the 
functional extracellular domain of a cell surface 

15 RvSSl° r 'l7. Construction of Phaq emid Containing GenelH 
fiisp.d with the Coding Sequence fo r a Binding Molecule 

rz — — Hi usef"! to inrarove the transfection 

efficiency" of" the phage-binding molecule system and also 
to have the possibility of displaying different numoers 

20 and specificities of binding molecules on the surface or 
the same bacteriophage. The applicants have devised a 
method that achieves both aims. ^+ om 
The approach is derived from the phagemid system 
based on pUC119 [Vieira, J and Messing, J. (1987) Methods 

25 Enzymol. 153:3]. In brief . gene III f ™ _£*-™J 
(example 5) and gene III scFv fusion from fd;CAT2 scFv 
D1.3 (example 2) were cloned downstream of the lac 
promoter in separate samples of pUC119, in or der that the 
inserted gene III and gene III fusion could be 'rescued 

30 by M13M07 helper phage [Vieira, J and Messing J. et 
supra.] prepared according to Sambrootz et al. iy«y 
supra. The majority of rescued phage would be expected 
to contain a genome derived from the pUC119 plasmid that 
contains the binding molecule-gene III fusion and snould 

35 express varving numbers of the binding molecule on the 
surface ud to the normal maximum of 3-5 molecules of gene 
III of the surface of wild type phage. The system has 
been exemplified below using an antibody as the binding 

molecule. _ . _ 

40 An fdCAT2 containing the single chain Fv form of the 

D1.3 antilysozvme antibody . was formed by digesting 
fdTscFvD1.3 (examDle 2) with Pstl and Xhol, purifying the 
fraqment conraining the scFv fragment and ligatmg this 
into Pstl and Xhol digested fdCAT2. The appropriate 
45 clone, called fdCAT2 scFvD1.3 was selected after Plating 
onto 2xTY tetracycline (15ug/ml) and confirmed by 
restriction enzvme and sequence analysis. 

Gene III from fd-CAT2 ( examDle 5) and the gene ill 
scFv fusion from fd-CAT?. scFvD1.3 was PCR-amplif iea using 
thp nrimers A and B sncwn below: 

Primer aT tGC GAA GCT TTC GAG CCT- TTT TTT TTG GAG ATT TTC 
AAC G 
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Primer E : CAG TGA ATT CCT ATT AAG ACT CCT TAT TAC GCA GTA 
TGT TAG C 

Primer A anneals to the 5' end of gene III including 
the ribosome binding site is located and incorporates a 
5 Hind III site. Primer B anneals to the 3' end of gene 
III at the C-terminus and incorporates two UAA stop 
codons and an EcoRl site. 100 ng of fd-CAT2 and fd-CAT2 
scFv D1.3 DNA was used as templates for PCR-amplif ication 
in a total reaction volume of 50jal as described in 
10 example 7 , except that 20 cycles of amplification were 
performed: 94 °C 1 minute, 50 °C 1 minute, 72 °C 3 minutes. 
This resulted in amplification of the expected 1.2Kb 
fragment from fd-CAT2 and a 1.8Kb fragment from fd-CAT2 
scFv D1.3. 

15 The PCR fragments were digested with EcoRl and Hind 

III, gel -purified and ligated into Eco-Rl- and Hind III- 
cut and dephosphorylated pUC119 DNA and transformed into 
E.coli TGI using standard techniques ( Sambrook et al. , et 
supra j . Transformed cells were plated on SOB agar 

20 (Sambrook et al . 1989 supra) containing lOOpg/ml 
ampicillin and 2% glucose. The resulting clones were 
called pCAT-3 (derived from fd-CAT2) and pCAT-3 scFv D1.3 
(derived from fd-CAT2 scFv D1.3). 

Example 18, Rescue of Anti-Lysozyme Antibody Specificity 

25 from pCAT-3 scFv D1.3 by M13K07 

Single pCAT-3 and pCAT-3 scFv D1.3 colonies were 
picked into 1.5ml 2TY containing lOOug/ml ampicillin and 
2% glucose, and grown 6 hrs at 30 # C. 30pl of these 
stationary cells were added to 6mls 2YT containing: 

30 lOOpg/ml ampicillin and 2% glucose in 50ml polypropylene 
tubes (Falcon, Becton Dickinson Labware, 1950 Williams 
Drive, Oxnard, CA. USA) and grown for 1.5 hrs at 30 # C at 
380rpm in a New Brunswick Orbital Shaker (New Brunswick 
Scientific Ltd*, Edison House 163 Dixons Hill road, North. 

35 Mimms, Hatfield, UK). Cells were pelleted by 
centrif ugation at 5,000g for 25 minutes and the tubes 
drained on tissue paper. The cell pellets were then 
suspended in 6mls 2TY containing 1.25xl0 9 . p.f.u. ml"" 1 
M13K07 bacteriophage added. The mixture was left on ice 

40 for 5 minutes followed by growth at 35 °C for 45 minutes 
at 450rpm. A cocktail was then added containing 4ul 
lOOpg/ml ampicillin, 0.5jal 0.1M IPTG and 50jj1 lOmg/ml 
kanamycin, and the cultures grown overnight at 35°C, 
450rpm. 

45 The following day the cultures were centrif uged and 

phage particles PEG precipitated as described in example 
6. Phage pellets were resuspended in lOOul TE ( tris-EDTA 
see example 6) and pnage titred on E.coli TGI. Aliquots 
of infected cells were plated on 2TY containing either 

50 lOOyg/ml ampicillin to select fcr pUC119 phage particles, 
or 50yg/mi kanamycin to select for the Ml 3 K07 helper 
phage. Plates were incubated overnight at 37 °c and 



WO 92/01047 



PCT/GB91/01134 



72 



antibiotic-resistant colonies counted: ^ 
DNa 0 TsxlO 11 colonies 1. 2x11)9 co ionies 

pCAT i * m 3 2 4X10 11 colonies 2.0x10* colonies 
pCAT-3scFv D1.3 2 ' 4J £" r p ha ge m id particles are 
5 . I hi I Present i^ the rescued 9 phage population at 

EL XS A ^Tdefcri b e S d S Tn d example" 'witT the following 

10 modifications: winrked for 3 hrs with 2% 
1) ELISA plates were blocked 

Marvel/PBS. 1v PBS and 50ul 20% Marvel were 

mLed^d ^r'end 0 ^ Minutes a't room temperature 

15 ^f 0r phf g rwerrie P ft r to^bind for 2 hours at room 

l) mPe AS U wJshes post Phage binding were: 
2 quick rinses PBS/0.5% Tween 20 
20 3x2 minute washes PBS/0.5% Tween 20 

2 quick rinses PBS no detergent. 

3x2 minute washes PBS no detergent fimire 2 2 

jx^ nixiiuwc ELISA is shown in figure 

wMcJsUs^^t^aiiSy specificity can indeed b e 
when mutant and wild-type La? e c° -expressed in 

from M13K07) are competing for J*"™^ env P isag ed that 

P UC119 phagemid particle^ It is e p * age p ? rticle s 

the majority of the r «su"«9 P mo iecules on 

35 will have fewer gene III x phage system 

their surface than is \ y Su ch phagemid 

described for ^tance « 2^ P with 

antibodies are therefore litalY ro ^ mc 



40 



45 



50 



antibodies are tte ^ IO ~ "^f^ ~ wit h three or more 
lower avidity than fd antibodies w£J e - is 

copies of the antibody ^ fusion ^^ r ^ f ^ scri Ud, for 
no wild-type gene III, in tne S Y route to 

instance, in example 2) a ^f pT d °^ erent numbers of 
production of phage particles "^J^Sumnt acidities 
?he same binding molecule < ^J^ e dX £f*£^ t binding 
for the ligand/antagen) ^^f^^f^per phage 
specificities on their surface, oy « more 

such as M13K07 to rescue cells expressing 

gene "^"^J^Sfto derive -helper phage that do 
not enLdl ^^^^^^ f ^tio^fTt 
S^SSSS5« STiS station within the gene). 
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These defective phages will only grow on appropriate 
cells (for example that provide functional gene III in 
trans, or contain an amber supressor gene), but when used 
to rescue phage antibodies, will only incorporate the 
5 gene III antibody fusion encoded by the phagemid into the 
released phage particle. 

Example 19 . Transformation Efficiency of pCAT-3 and 
pCAT-3 scFv D1.3 phagemids 

pUC 19, pCAT-3 and pCAT-3 scFv D1.3 plasmid DNAs, 

10 and fdCAT-2 phage DNA was prepared, and used to transform 
E.coli TGI, pCAT-3 and pCAT-3 scFv D1.3 transformations 
were plated on SOB agar containing 100pg/ml ampicillin 
and 2% glucose, and incubated overnight at 30 °C. fdCAT-2 
transformations were plated on TY agar containing 15pg/ml 

15 tetracycline and incubated overnight at 37°C. 
Transformation efficiencies are expressed as colonies per 
\xg of input DNA. 

DNA Transformation efficiency 

20 pUC 19 1.10 9 

pCAT-3 1.10 8 

pCAT-3scFv D1.3 1.10 8 

fd CAT-2 8.10 5 

As expected, transformation of the phagemid vector 
25 is approximately 100-fold more efficient that the 

parental fdCAT-2 vector. Furthermore, the presence of a 

scFv antibody fragment does not compromise efficiency. 

This improvement in transformation efficiency is 

practically useful in the generation of phage antibodies 
30 libraries that have large repertoires of different 

binding specificities. 

Example 20 

PCR Assembly of a Single Chain Fv Library from an 
Immunised Mouse 

35 To demonstrate the utility of phage for the selection of 
antibodies from repertoires, the first requirement is to 
be able to prepare a diverse, representative library of 
the antibody repertoire of an animal and display this 
repertoire on the surface of bacteriophage fd. 

40 Cytoplasmic RNA was isolated according to example 14 

from the pooled spleens of five male Balb/c mice boosted 
8 weeks after primary immunisation with 2-phenyl-5- 
oxazolone (ph OX) coupled to chicken serum albumin. cDNA 
preparation and PCR assembly of the mouse VH and VL kappa 

45 repertoires for phage display was as described in example 
14. The molecules thus obtained were ligated into 
fdCAT2. 

Vector fdCAT2 was extensively digested with Notl and 
ApaLl., purified by electroelut^on ( Sambrook et al.a989 
50 supra) and 1 pg ligated to 0.5 \ig (5 jag for the 
hierarchial libraries: see example 22) of the assembled 
scFv genes in 1 ml with 8000 units T4 DNA ligase (New 
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England Biolabs). The ligation was 

a? 9 16°C. Purified ligation mix was electroporat & 

aliquots into MC1061 ^.^^ ^^-6145 1988) and 
C. W. Ragsdale Nucleic Acids Re s. id ox 

plated on NZY medium (S«g«* ■ £ ^ (»io) : 90-95% 
15ug/ml tetracycline in 243x243 mm d 

of clones contained s^S^Lid bv PCR (conditions as 
Recombinant c ° l0 ^%ri T i^rs VH1BACK and MJK1F0NX, 
in example 7 using P«me« (^e example 14) followed 
MJK2F0NX ; MJK4F0NX and autLnglLy** BstNl (Mew 

by digestion with ^e f re^guen manufacturers 
England Biolabs used acceding appeared 

instructions). The ^ ra *Y of dige stion patterns 

diverse as judged * ^^^J* revealed the presence 

^a not S ^ow S nT 9 To P ne ^"clones tested bound to 

pnox as detected by ELISA as _ m ^ 9 provided by the 

Thus the ability to select "^SJr P &ssential 

use of phage i?od"es^?th antigen binding 

Huse e? al. 1989 (supra) were used. 

Example 21 enaMf : r for -?- r hon Y i - 5-oxazolone 

l£ ^rll §E gb^^ 

demonstrate that ab ility /^^Sdy^pfcif icity . 

—Soir oT s s^«4fsS dL 4e unselected 

library bound to i phOx as ^ hapten was 

S T bv eSsa- 96-w 9 elf platesVre coated with 10 
carried out by ELISA. »o wex-t y pho sphate-buf fered 

ug/ml phOx-BSA or 10 ^^J^J^J^ Colonies of 
saline (PBS) overnight at room temperaru x 

phage-transduced bacteria ^^^^JpLtes ('cell 
?Y Sith 12.5 ug/ml tetracycline V*^^*^, £or 24 
wells', Nuclon) and ignw «^u2SS^wi« sattirated and 
hours at -37-C. At thl %^ a ^ e C ^^0 T U/ml!. 50 ul phage 
phage titres ^^^fiJ pes containing 4% Skimmed 
SSTSSir^ ^ the coated plates. 

Further details as in example 9. & phQx 

The U ?^ Y (Table 4 9 A) and fluted with hapten, 
affinity colunn < Ta * le * prepared in example 22 were 
Colonies f rom the lib ^ |^37 and shaken at 37 «C for 
scraped into 50ml 2 x TY oreci pi t ated twice with 

10 min Liberated phage were precipice 2 
polyethylene glycol and resuspended to 10 
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(transducing units) /ml in water ( titred as in example 8). 
For affinity selection, a 1 ml column of phOx-BSA- 
Sepharose (O. Makela, M. Kaartinen, J.L.T. Pelonen and K. 
Karjalainen J. Exp. Med. 148 1644-1660, 1978) was washed 
5 with 300 ml phosphate-buffered saline (PBS), and 20 ml 
PBS containing 2% skimmed milk powder (MPBS). 10 12 TU 
phage were loaded in 10 ml MPBS, washed with 10 ml MPBS 
and finally 200 ml PBS. The bound phage were eluted with 
5 ml 1 mM 4-G-amino-caproic acid methylene 2-phenyl- 
10 oxazol-5-one (phOx-CAP; O. Makela et al. 1978, supra). 
About 10 6 TU eluted phage were amplified by infecting 1 
ml log phase E.coli TGI and plating as above. For a 
further round of selection, colonies were scraped into 10 
ml 2 x TY medium and then processed as above. Of the 
15 eluted clones, 13% were found to bind to phOx after the 
first round selection, and ranged from poor to strong 
binding in EL1SA. 

To sequence clones, template DNA was prepared from 
the supernatants of 10 ml cultures grown for 24 hours, 
20 and sequenced using the dideoxy method and a Sequenase 
kit (USB), with primer LINKFOR (see example 14) for the 
VH genes and primer fdSEQl ( 5 1 -GAA TTT TCT GTA TGA GG) 
for the Vk genes. Twenty- three of these hapten-binding 
clones were sequenced and eight different VH genes (A to 
25 H) were found in a variety of pairings with seven 
different Vk genes (a to g) (Fig. 24). Most of the 
domains , such as VH-B and Vk-d were 1 promiscuous 1 , able 
to bind hapten with any of several partners. 

The sequences of the V-genes were related to those 
30 seen in the secondary response to phOx, but with 
differences (Fig. 24). Thus phOx hybridomas from the 
secondary response employ somatically mutated derivatives 
of three types of Vk genes -Vkoxl. 'Vkox-like' and 
Vk45.1 genes (C. Berek, G. M. Griffiths & C. Milstein 
35 Nature 316 412-418 (1985). These can pair with VH genes 
from several groups, from Vkoxl more commonly pairs with 
the VHoxl gene (VH group 2. R.Dildrop uupra). Vkoxl 
genes are always, and Vkox-like genes often, found in 
association with heavy chains (including VHoxl) and 
40 contain a short five residue CDR3, with the sequence 
motif Asp-X-Gly-X-X in which the central glycine is 
needed to create a cavity for phOx. In the random 
combinatorial library however, nearly all of the VH genes 
belonged to group 1, and most of the Vk genes were ox- 
45 like and associated with VH domains with a five residue 
CDR3, motif Asp/Asn-X-Gly-X-X (Fig. 24). Vkoxl and VHoxl 
were found only once (Vk-f and VH-E), and not in 
combination with each other. Indeed Vk-f lacks the Trp91 
involved in phOx binding and was paired with a VH (VH-C) 
50 with a six residue CDR3. 

A matrix combination of VH and VK genes was 
identified in phOx-binding clones selected from this 
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random combinational library The m«ber of clones found 
l^oTBSr^Tl^JZ ^^Vjli. appeared to 
Jary P Sar^d bj ? slaving in Fig. 25). No binding was seen 

5 t0 BS * second round of section of tbe original rand* 
combinational library fro-: t— J-J -suited in 93%Jf 

clones ^-d bl S?na P tl 0 ns ^Und strongly to phOx 

^f^^^^Sned tbe Kd f 
VH-B/vk-d for phOx-GABA as 10" 8 M (example 23). 
15 Inditing that antibodies SSTSSSS 

20 Sas^eter^nld^as- 10^ M (example 

s» ^^^Trob^y Sftolne^ty of the 
"""^example £2 tLf^gS" specif icities can be 

25 iS ?i a o?ten r °be iSSftT^S. f^inSS.^ 

soluble"?^ fof lu«her stud'y and for use /n therapeutic 

and diagnostic af ^^ y J^J'J^l^s 
30 Sg^antfbooiL! Example 27 .demonstrates 

30 thaf soluble fragments have similar P«W«t"» « 

displayed on phage. For ^man j ^rpos^t S^te „£ch 
SoSTST Fc^orSnTIf the -^ai„ and perhaps 
35 vary SI immunoglobulin isotype. To aocomplish this it 
is necessary to subclone the antigen binding sites 
identliX! using the phage selection system into a vector 
\T expression in mammalian cells, using ^odology 
,,.,,„ to that described by Orlandi, R. et al. I 1 )""' 
similar TO "™r the VH a nd VL genes could be 

Z,,r-* M nSV-aDt HuIgGl (L. Riechmann et al Nature jjz 
32^-327 ), P 198l P ) which* allows expression of the VH dojjajn 
45 as Vart of a heavy chain igGl isotype and PSV-hyg HuCK 
allows expression of the VL domain attached to the 
f ifgh? chain ^constant region. Furthermore, fusions of 
VH and VL domains can be made with genes encoding non- 
immunoglobulin proteins, for example, enzymes. 

50 g^fghg- ~* rurther antibody Specificities by the 
^^nhly of Hier archical Libraries 



WO 92/01047 



PCT/GB91/01134 



Further antibody specificities were derived from the 
library prepared and screened in examples 20 and 21 using 
a hierarchical approach. 

The promiscuity of the VH-B and Vk-d domains 
5 prompted the applicants to force further pairings, by 
assembling these genes with the entire repertoires if 
either Vk or VH genes from the same immunised mice. The 
resulting 'hierarchical' libraries, (VH-B x Vk-rep and 
VH-rep x Vk-d), each with 4xl0 7 members, were subjected 
10 to a round of selection and hapten-binding clones 
isolated (Table 4). As shown by ELISA, most were strong 
binders. By sequencing twenty-four clones from each 
library, the applicants identified fourteen new partners 
for VH-B and thirteen for Vk-d (Fig. 24). Apart from VH- 
15 B and Vk-c, none of the previous partners (or indeed 
other clones ) from the random combinatorial library was 
isolated again. Again the Vk genes were mainly ox-like 
and the VH genes mainly group 1 (as defined in Dildrop, 
R. 1984 supra), but the only examples of Vkoxl (Vk-h, -p, 
20 -q and -r) have Trp91, and the VH-CDR3 motif Asp-X-Gly-X- 
X now predominates. Thus some features of the phOx 
hybridomas seemed to emerge more strongly in the 
hierarchial library. The new partners differed from each 
other mainly by small alterations in the CDRs, indicating 
25 that much of the subtle diversity had remained untapped 
by the random combinatorial approach. More generally it 
has been shown that a spectrum of related antibodies can 
be made by keeping one of the partners fixed and varying 
the other, and this could prove invaluable for fine 
30 tuning of antibody affinity and specificity. 

Therefore, again, phage antibodies allow a greater 
range of antibody molecules to be analysed for desired 
properties. 

This example, and example 21, demonstrate the 
35 isolation of individual antibody specificities through 
display on the surface of phage. However, for some 
purposes it may be more desirable to have a mixture of 
antibodies, equivalent to a polyclonal antiserum (for 
instance, for immunoprecipitation ) . To prepare a mixture 
40 of antibodies, one could mix clones and express soluble 
antibodies or antibody fragments or alternatively select 
clones from a library to give a highly enriched pool of 
genes encoding antibodies or antibody fragments directed 
against a ligand of interest and express antibodies from 
45 these clones. 
Example 23 

Selection of Antibodies Displayed on Bacteriophage with 
Different Affinities for 2-phenyl -5-oxazolone using 
Affinity Chromatography 
50 The ELISA data shown in example. 21 suggested that 

affinity chromatography had not only enriched for 
binders, but also for the best. To confirm this, the 
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£35 'sr.sssr^ - ch ° ther usins affinltY 

MJK1FONX, MJK2FONX, , J ( ^qq^^jg ^CxT AGC CGG CCA TGG 
14) and ^lBACK-Sfil (5 -TCG C ^a, U A/T)G 

CC(G/C) AGG ^^^i^^sS s£e (underlined) at 
G), a primer * h ^ s 1 ^ r °^ vH-B/Vk-d was cloned into a 
the 5' end of the VH gene. v ^ Griffiths and J. 

phagemid e.g. P™ ■ <J 0"*^ downstream of the pelB 
Marks) as an sflI :^J aS s S ^ret ±on (M. Better at al. 
leader for periplastic secrerxo v detect ion (see 
supra), with ^ c ;term^al peptx^ tag Qf q 

example 24 and .f*fl«°>' „ R oseSerg Nature 292 128-132 
K-^-E' i^rshou^d ^he^ollowing matures: 
a) 0 uniqueSfil"and Notl restriction sita*^^^ — 
pelB leader; -b ) a. sequence encoding ^J^l^ 0 V lling 
20 tag for detection; and c ) a A f L P n483 0-1 (M. E. 

expression 10 litre ~ 1 ^ B8 j! ~ 1 . Blol 140 57-75 1980) 
Gottesman, S. Adhya & A. Das ^ a s in K. Nagai & H. 

harbouring each phagemid were inducea as and 
C. Thogerson ( Methods i Enzyjol 153 461^.^ sulp 

25 supernatants P™^*£* "J^ dialed into PBS + 0.2 
The resuspended precipitate was a * column of 

mM EDTA (PBSE) lo»did onto^ sequentially with 
P hOx:Sepharose and the column washed q fl ^ 

100 ml PBS: 100 ml 0.1 M Tris HC1 citrate , pH 4.0, 

30 10ml 50 mM citrate, pH 5.U. iU Bj fragm ents were 

and 20 ml 50 mM glycine, pH 3.0. ^ J d with Tris 
eluted with 50 mM glycine pH 2.0, ^ut was cloned 

base and dialysed *9^*™*T'v C1 i 9 encoding identical 
into a phagemid vector based » pUCias enc J in duced 
35 signal and ^g sequences to pJMl and exp harbouring 
at 30-C in a 10 litre culture ^ at b Schwar t Z (1980 

the phagemid as in D. to Belli affinity Q f clone 

Nucleic Acids Res 18 1311). ™e ° ph0 x-Sepharose 
VH-B/Vk-b made ^ r ^« £l B f t X .° r a concentration by 
40 impossible. /LvflL" Flowqen), the supernatant (100 
ultrafiltration ( F 1 ll ^°"' Q ^ a x m X co lumn of protein A- 
mi of 600 ml) w f , 1 7 E ded H °^° w a & X d . Lane 1988 supra) to 
Sepharose cpoupled (E. Jar low *u Q L et al. Mol.Cell 
the -noclonal antibody 9E10 i^^J'^ peptide tag. 
Biol. 5 3610-3616 1985) tna t: ' e a pBS made 

^ ^JThS "?c^ f" a^en4 werTeluted with 100 .1 
S:iM M glycine aC PH ^neutralisation and dialysis as 

before. _-8 M) £or c ione VH-B/Vk-d was 
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GABA Co. Makela et al, 1978 supra). Excitation was at 
280 run, emission was monitored at 340 nm and the K d 
calculated. The K d of the low affinity clone VH-B/Vk-b 
was determined as 1.8+ 0.3 x 10- 5 M (not shown). To 
5 minimise light adsorption by the higher concentrations of 
phOx-GABA required, excitation was at 260 nm and emission 
was monitored at 304 nm. In addition the fluorescence 
values were divided by those from a parallel titration of 
the lysozyme binding Fv fragment D1.3. The value was 

10 calculated as in H. N. Eisen Meth . Med . Res . 10 115-121 
1964. A mixture of clones VH-B/Vk-b and VH-B/Vk-d, 
7xl0 10 TU phage in the ratio 20 VH-B/Vk-b : 1 VH-B/Vk-d 
were loaded onto a phOx-BSA-Sepharose column in 10 ml 
MPBS and eluted as above. Eluted phage were used to 

15 reinfect E.coli TGI, and phage produced and harvested as 
before. Approximately lO^ 1 TU phage were loaded onto a 
second affinity column and the process repeated to give a 
total of three column passes. Dilutions of eluted phage 
at each stage were plated in duplicate and probed 

20 separately with oligonucleotides specific for Vk-b (5 'GAG 
CGG GTA ACC ACT GTA CT ) or Vk-d ( 5 T — GAA TGG TAT AGT ACT 
ACC CT). After these two rounds, essentially all the 
eluted phage were VH-B/Vk-d ( table 4 ) . Therefore phage 
antibodies can be selected on the basis of the antigen 

25 affinity of the antibody displayed. 
Example 24 

Construction of Phagemid pHENl for the Expression of 
Antibody Fragments Expressed on the Surface of 
Bacteriophage following Superinfection 

30 The phagemid pHENl (figure 26) is a derivative of 

pUC119 (Vieira, J. & Messing, J. Methods Enzymol 153 pp 
3-11, 1987). The coding region of g3p from fdCAT2, 
including signal peptide and cloning sites, was amplified 
by PCR, using primers G3FUF0 and G3FUBA (given below) 

35 (which contain EcoRI and Hindlll sites respectively), and 
cloned as a Hindlll -EcoRI fragment into pUC119. The 
Hindi I I -Not I fragment encoding the g3p signal sequence 
was the replaced by a pelB signal peptide (Better, M. et 
al. Science 240 1041-1043, 1988) with an internal Sfil 

40 site, allowing antibody genes to be cloned as fil-Notl 
fragments. A peptide tag, c-myc, (Munro, S. & Pelham, H. 
Cell 46 291-300, 1986) was introduced directly after the 
NotI site by cloning an oligonucleotide cassette, and 
followed by an amber codon introduced by site-directed 

45 mutagenesis using an in vitro mutagenesis kit (Amersham 
International ) ( figure 26b ) . 

G3FUF0, 5 1 -CAG T GA ATT C TT ATT AAG ACT CCT TAT TAC GCA GTA 
TGT TAG C; 

50 G3FUBA, 5 1 -TGC G AA GCT T TG GAG CCT TTT TTT TTG GAG ATT TTC 
AAC G; 
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Example 25 p„ *nd Fab F ~ T"»"*» Derived from 

usin g DHEN3 and fdCAT2 figure 27) were made from 

A range ot consLiucts (see £l gure ; designe d for 

a clone (essentially construe* II ™ /™\ll gment 9 {BettBr 
expression in bacteria of a a 9 nti . ph0 x (2- 
et al. 1988 see above) *«» « * e 12-5 (Griffi ths, G. M. 
phenyl-5-oxazolone) antibody NQ10 construct n, the 

et al. Nature 312, 271 - 2 j 3 ' M nio 12 5 and attached to 
V-regions "^^^^ciS^ domains. The C- 
human Ck. and CHI (*1 ^°^ pe J whicn normally form a 
terminal cysteine residues whi antibody cna ins, 
covalent link ^twe e n ^xght and ne >- ^Y domain s. To 
nave been deleted fro. both «> . eo^ as 
clone neovj — r as separate cnama 

fragments < constr " C * / V or phagl display, DNA was 
(constructs III and IV ) £ or f** e in ?roduce a NotI 
amplified from con ^ X 3 ."Jf and at the 5' end either 
restriction site at the 3 end, f a d _c AT2 ) or Sfil sie (for 
an ApaLI.site (for cloning into fd CAT2) fabnqtfok ^ 

cloning into P H ^^* KS p I15 T we re used for PCR 

primers FABNOTFOK and HVKBAAPA (or nviu*™ 
chains (construct IV). lon of N gio.l2.5 (construct 

The Single-chain^ Fv version vari able 

A .is 5S^a 

S'S.M™ «^ <!&l3««> .« PHEN1 (S£il- 

NotI ) . 

VH1BACKAPA, 5 ' -CAT GAC CAC AGTGCACAG GT(C/G) (A/C)A(A/G, 
CTG CAG .(C/G)AG TC(A/T) GG; rer- CCA GCC GGC CA T 

^rcfc/G'l 5 GG-"%%)(A T /C)A C (A/G,CT GCA G(C/G,A GTC 

F ^0T?0H.5'-CCA CGA TTC TGC^GC_CGC TGA AGA TTT GGG CTC 
F^NoTfOk" -C^CGA TTC TGCJ*C_CGC TGA CTC TCC GCG GTT 
Sv^BaSa?" Sc S^GCACTC GAC ATT GAG CTC ACC CAG TCT 
SS&BF1.5'-C» GAC CAC GCG_GC^AGCCG_J3CC ATG GCC GAC 
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ATT GAG CTC ACC CAG TCT CCA; 

VK3F2NOT, 5 1 -TTC T GC GGC CGC CCG TTT CAG CTC GAG CTT GGT 
CCC. 

Restriction sites are underlined. 
5 Rescue of Phage and Phagemid particles 

Constructs I -IV (figure 27) were introduced into both fd- 
CAT2 and pHENl . Phage fd-CAT2 (and fd-CAT2-I, II, III or 
IV) was taken from the supernatant of infected E.coli TGI 
after shaking at 37 °C overnight in 2xTY medium with 

10 12.5pg/ml tetracycline, and used directly in ELISA. 
Phagemid pHENl (and pHENl- I and II) in E.coli TGI ( supE ) 
were grown overnight in 2 ml 2xTY medium, 100 pg/ml 
ampicillin, and 1% glucose (without glucose, expression 
of g3p prevents later superinfection by helper phage). 

15 lOpl of the overnight culture was used to innoculate 2 ml 
of 2xTY medium, lOOpg/ml ampicillin, 1% glucose, and 
shaken at 37 °C for 1 hour. The cells were washed and 
resuspended in 2xTY, 100 pg/ml ampicillin, and aphagemid 
particles rescued by adding 2 pi (lO^pfu) VCSM13 helper 

20 phage ( Stratagene ) . - After growth for one hour, 4pl 
kanamycin (25 mg/ml ) was added, and the culture grown 
overnight. The phagemid particles were concentrated 10- 
fold for ELISA by precipitation with polyethylene glycol. 
ELISA 

25 Detection of phage binding to 2-phenyl~5-oxazolone (phOx) 
was performed as in example 9. 96-well plates were 
coated with 10 pg/ml phOx-BSA or 10 pg/ml BSA in PBS 
overnight at room temperature, and blocked with PBSS 
containing 2% skimmed milk powder. Phage (mid) 

30 supernatant (50 pi) mixed with 50 pi PBS containing 4% 
skimmed milk powder was added to the wells and assayed. 
To detect binding of soluble scFv or Fab fragments 
secreted from pHENl, the c-myc peptide tag described by 
Munro and Pelham 1986 supra, was detected using the anti- 

35 myc monoclonal 9E10 (Evan, G. I. et al . Mol Cell Biol 5 
3610-3616, 1985) followed by detection with peroxidase- 
conjugated goat anti-mouse immonoglobulin. Other details 
are as in example 9 . 

The constructs in f dCAT2 and pHENl display antibody 

40 fragments of the surface of filamentous phage. The phage 
vector, fd-CAT2 (figure 8) is based on the vector fd-tet 
(Zacher, A. N. et al. Gene 9 127-140, 1980) and has 
restriction sites (ApaLI and NotI ) for cloning antibody 
genes (or other protein) genes for expression as fusions 

45 to the N-terminus of the phage coat protein g3p. 
Transcription of the antibody-g3p fusions in fd-CAT2 is 
driven from the gene III promoter and the fusion protein 
targetted to the periplasm by means of the g3p leader. 
Fab abd scFv fragments of NQ10.12.5 cloned into fd-CAT2 

50 for display were shown to bind to phOx-BSA (but not BSA) 
by ELISA ( table 5 ) . Phage were considered to be binding 
if A405 of the sample was at least 10-fold greater that 
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the background in ELISA. based upon 

The phagemid vector, pHENl (fig. for 
pUCU9 and contains "^f^ ,2^tto transcription of 

cloning the fusion ^l^^^the inducible lacZ 
antibody-gSp fusxons is driven from tted the 

promoter and the fuS3 -°™ £ leader. Phagemid was 
periplasm b, 'mean. , of in 2xTY medium 

rescued with VCSMi-i ™ X *JL * nn g &T these conditions 
containing no J^ s ^ ~ J™ 0 f ^body-g3p. Fab and 

T^-STuSi^ ^i™or s --- ing libraries 

of Fa ffr\^^^ would 

T Preoare a library of phage ex P i B «x» s — ^ 

vHCH, 5£Ss ^^"oVJight fi^ a plamid 
2. Prepare a library of 1*9" 9 phagemid. and 

Snie^r^uVe" protein SgTchi. eVesed fro, 
this library. nrotein liaht chains fromt he 

y-S-SraSSSs iaaa.wat- 

which form suitable antigen binding si tes i ^ 
antigen binding. 

Example 26 . Ponp ni Protei n Fusion 

^^-^ Bh.n-id ^ od ^ f ■ 0^ ^"J £ Encoding the " 

with Antibo dy H«»v« ^nt* Itl uiUTngj^J sOF 
rn^i— ntary Antibody unain nisplaYed j,n ^ lg 
Use of t-his Tec hnique to MaKe — uuax 

- br "tti random combinatorial ttore is J 

limitation on the potential "^gj* .SSgS£ S 
fragments due to the *™» f °™ ,a £°a strategy (dual 
bacterial ^^^...^"^^^eroo,.! this Problem, 

£aCt °|of assembly of heavy and ^or^vTwas 

from ^™- ( ,*2ESjriSS?^l»> '.o allow 

grown in E.coli HBZlta > a ™ n * y . rescue d as above 

fSSSiVV? ixce^ t C h h at n helper phage were used 
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expressing partner chains as fusions to g3p ( 10 9 TU f d- 
CAT2-IV or III respectively) and 2 \xl tetracycline (12.5 
mg/ml ) in place of kanamycin. 

Separate Vectors to Encode Fab Heavy and Light 
5 Chains 

The heavy and light chains of Fab fragments can be 
encoded together in the same vector (example 25) or in 
different vectors. To demonstrate this the heavy chain 
(construct III) was cloned into pHENl (to provide soluble 

10 fragments) and the light chain (construct IV) into fd- 
CAT 2 (to make the fusion with g3p). The phagemid pHENl - 
III, grown in E.coli HB2151 (non-supressor ) was rescued 
with fd-CAT2-IV phage, and phage(mid) shown to bind to 
phOx:BSA, but not to BSA (Table 5). This demonstrates 

15 that soluble light chain is correctly associating with 
the heavy chain anchored to the g3p, since neither heavy 
chain nor light chain alone bind antigen ( Table 5 ) . 

Similar results were obtained in the reverse 
experiment (with phagemid pHEN-l-IV and fd-CAT2-III 

20 phage) in which the heavy chain was produced as a soluble 
molecule and the light chain anchored to g3p ( Tatole 5 ) . 
Hence a Fab fragment is assembled on the surface of phage 
by fusion of either heavy or light chain to g3p, provided 
the other chain is secreted using the same or another 

25 vector ( figure 28 ) . 

The resulting phage population is a mixture of phage 
abd rescued phagemid. The ratio of the two types of 
particle was assessed by infecting log phase E.coli TGI 
and plating on TYE plates with either 15 pg/ml 

30 tetracycline (to select for f d-CAT2 ) or 100 pg/ml 
ampicillin ( to select for pHENl ) . The titre of f d-CAT2 
phage was 5 x 10 11 TU/ml and the titre of pHENl 2 x 10 10 
TU/ml, indicating a packaging ratio of 25 phage per 
phagemid . 

35 Demonstrated here is an alternative strategy 

involving display of the heterodimeric antibody Fab 
fragments on the surface of phage. One of the chains is * 
fused to g3p and the other is secreted in soluble form 
into the periplasmic space of the E.coli where it 

40 associates non-covalently with the g3p fusion, and binds 
specifically to antigen. Either the light or heavy chain 
can be fused to the g3p: they are displayed on the phage 
as Fab fragments and bind antigen (Figure 28). Described 
are both phage and phagemid vectors for surface display. 

45 Phagemids are probably superior to phage vectors for 
creation of large phage display libraries. Particularly 
in view of their higher transf ection efficiencies ( Two to 
three orders of magnitude higher), allowing larger 
libraries to be constructed. The phagemid vector, pHENl 

50 also allows the expression of soluble Fab fragments in 
non-suppressor E.coli. 

Also demonstrated here is that heavy and light 
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chains encoded on the same vector (construct II), or on 
different vectors (constructs III and IV) can be 
d^played aJ^ab fragments. This offers two distinct 
ways of making random combinatorial libraries for 
5 display! Liberies of heavy and light chain genes 
amplified by PCR, could be randomly linked by a PCR 
asselS? process (example 14) based on Splicing r by 
overlap extension', cloned into phage(mid) display 
vectors and expressed from the same promoter as part of 
10 Se same transcript (construct II) as above, or indeed 
from different promoters as separate transcripts. Here 
the phageOnid) vector encodes and displays both chains. 
For" a combinatorial library of 10 7 heavy chains and 10? 
light chains, the potential diversity of displayed Fab 
15 fragments (10 14 ) is limited by the transfection 
15 efficiency of bacterial cells by the vector (about : 10* 

_n ^ ,.rr m+ pnH liaated Dlasnud at best) (W,J. 

So^TeTarNJci. "Xcids: Res.' 16 6127-6145 1988). 
Libraries thus prepared are analogous to the random 
combinatorial library method described by Huse W.D. et 
al Science 246 1275-1281 (1989), but have the xmportant 
additional feature that display on the surface of phage 
gives a powerful method of selecting antibody 
Specificities from the large number of clones g™***^ 
Alternatively, libraries of heavy and light chains 
could be cloned into different vectors for expression in 
the same cell, with a phage vector enc°<3ing th e g3p 
fusion and a phagemid encoding the soluble chain. The 
Sage acts as a helper, and the infected bacteria 
Produced both packaged phage and phagemid. Each phage or 
phagemid displays both chains but encodes °^.f e J ha t £ 
and thus only the genetic information for half of the 
antigen-binding site. However, the genes for both 
antibody chains can be recovered separately by Plying on 
35 the selective medium, suggesting a means by which 
mutually complementary pairs of antigen binding heavy and 
Ugh? chain combinations could be selected from random 
combinatorial libraries. For example a light chain 
repertoire on fd phage could be used to infect cells 
40 harbouring a library of soluble heavy chains on the 
phagemid. The affinity purified phagemid library could 
then be used to infect E.coli, rescued with the affinity 
purified phage library, and the new combinatorial l^ary 
subjected 3 to a further round of selection Thus 
45 antibody heavy and light chain genes are reshuffled after 
each round of purification. Finally, after several 
bounds, infected bacteria could be plated and screened 
individually for antigen-binding phage. Such dual 
combinatorial libraries are potentially more diverse than 
50 HTse encoded on a single vector. By combining separate 
SSLSS of 10* light chain Phage(mid)s the diversity 
of displayed Fab fragments (potentially lO* 4 ) is limited 
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only by the number of bacteria ( 10 12 per litre ) . More 
simply, the use of two vectors should also facilitate the 
construction of 'hierarchical' libraries, in which a 
fixed heavy or light chain is paired with a library or 
5 partners (example 22), offering a means of 'fine-tuning 1 
antibody affinity and specificity. 
Example 27 

Induction of Soluble scFv and Fab Fragments using 
Phagemid pHENl 

10 Further study of antibodies which have been 

expressed on the surface of phage would be greatly 
facilitated if it is simple to switch to expression in 
solution* 

E.coli HB2151 was infected with pHEN phagemid 
15 (pHENl-I or II), and plated on YTE, lOOpg/ml ampicillin 
plates. Colonies were shaken at 37 °C in 2xTY medium, 100 
pg/ml ampicillin, 1% glucose to OD 5 5q=0.5 to 1.0. Cells 
were pelleted, washed once in 2xTY medium, resuspended in 
medium with 100 pg/ml ampicillin, 1 mM isopropyl (3-D- 

20 thiogalactoside (IPTG), and grown for a further 16 hours. 
Cells were pelleted and the supernatant, containing the 
secreted chains, used directly in ELISA. 

The phagemid pHENl has the advantage over phage fd- 
CAT2, in that antibody can be produced either for phage 

25 display (by growth in supE strains of E.coli) or as a 
tagged soluble fragment (by growth in non-suppressor 
strains ) , as a peptide tag ( example 24 ) and amber codon 
were introduced between the antibody and g3p. Secretion 
of soluble Fab fragments from pHENl -II or scFv fragments 

30 from pHENl-I was demonstrated after growth in E.coli 
HB2151 and induction with IPTG using Western blots 
(Figure 29). For detection of secreted proteins, IOjjI 
supernatant of induced cultures were subjected to SDS- 
PAGE and proteins transferred by electroblotting to 

35 Immobilon-P (Millipore). Soluble heavy and light chain 
were detected with goat polyclonal anti-human Fab 
antiserum (Sigma) and peroxidase conjugated rabbit anti- 
goat immunoglobulin (Sigma), each at a dilution of 
1:1000. The tagged VK domain was detected with 9E10 

40 antibody (1:1000) and peroxidase conjugated goat anti- 
mouse immunoglobulin ( Fc specific) (1:1000) (Sigma) or 
with a peroxidase labelled anti-human CK antiserum 
(Dako). 3 , 3 ' -diaminobenzidine (DAB; Sigma) was used as 
peroxidase substrate (Harlow E., et al. 1988 Supr). With 

45 the scFv, the fragments were detected using the 9E10 
anti-myc tag antibody (data not shown). With the Fab, 
only the light chain was detected by 9E10 (or anti-human 
CK) antibody, as expected, while the anti-human Fab 
antiserum detected both heavy and light chains. Binding 

50 of the soluble scFv and Fab fragments to phOx-BSA (but 
not to BSA) was also demonstrated by ELISA (Table 5B). 
Thus scFv and Fab fragments can be displayed on phage or 



WO 92/01047 



PCT/GB91/01134 



86 

secreted as soluble fragments from the same phagemid 

vector. 

Example 28 

Increased Sensitivity in ELISA assay of Lysozym e using 
5 FDTscFvD1.3 as Primary Antibody Compared to Soluble 
scFvDl.3 

IrT principle the use of phage antibodies should 
allow more sensitive immunoassays to be performed than 
with soluble antibodies- Phage antibodies combine the 

10 ability to bind a specific antigen with the potential for 
amplification through the presence of multiple (ca.2800) 
copies of the major coat protein (g8p) on each virion. 
This would allow the attachment of several antibody 
molecules directed against M13 to each virion followed by 

15 the attachment of several molecules of peroxidase- 
coniugated anti-species antibody (anti-sheep) IgG in the 
case below). Thus for every phage antibody bound to 
antigen there is the potential for attaching several 
peroxidase molecules whereas when a soluble antibody is 

20 used as the primary antibody this amplification will not 
occur . 

ELISA plates were coated overnight at room 
temperature using 200pl of 10 fold dilutions of hen egg 
lysozyme (1000, 100, 10, 1, 0.1 and 0.01 \xg/ml) in 50mM 

25 NaHC0 3 , pH9.6. ELISA was performed as described in 
example 4 except that (i) incubation with anti- lysozyme 
antibody was with either FDTscFvD1.3 (pAb^O 11 phage per 
well; 1.6mol) or soluble affinity purified scFvD1.3 (18pg 
per well; 0.7nmol) (ii) incubation with second antibody 

30 was with 1/100 dilution of sheep anti-M13 serum for 
FDTscFvD1.3 samples or with or 1/100 dilution of rabbit 
anti-scFvD1.3 serum (from S. Ward) for soluble scFvD1.3 
samples (iii) peroxidase-conjugated rabbit anti-goat 
immunoglobulin (Sigma; 1/5000) was used for FDTscFvD1.3 

35 samples and peroxidase-conjugated goat anti-rabbit 
immunoglobulin (Sigma; 1/5000) was used for soluble 
scFvD1.3 samples. Absorbance at 405nm was measured after 
15h. The results are shown in Figures 30 and 31. In 
these figures lysozyme concentrations for coating are 

40 shown on a log scale of dilutions relative to lpg/ml. 
(i.e. log = -3 =lmg/ml ; log = 2 = 0.01 pg/ml) 

Higher signals were obtained with FDTscFvD1.3 at all 
concentrations of lysozyme (Fig. 31) but the difference 
was very marked at the greatest dilutions, where antigen 

45 quantities are most limiting (Figs. 30 and 31). This 
suggests that phage antibodies may be particularly 
valuable for sandwich type assays where the capture of 
small amounts of antigen by the primary antibody will 
generate an amplified signal when phage antibodies 

50 directed against a different epitope are used as the 
second antigen binding antibody. 
Example 29 
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Direct Rescue and Expression of Mouse Monoclonal 
Antibodies as Single Chain Fv Fragments on the Surface of 
Bacteriophage f d . 

The principle is very similar to that described in 
5 example 14. It consists of the PCR assembly of single 
chain antibodies from cDNA prepared from mouse 
monoclonals. As an example, the rescue and expression of 
two such antibodies from monoclonals expressing 
antibodies against the steroid hormone oestriol is 

10 described. 

A. RNA Preparation 

RNA can be prepared using many procedures well known 
to those skilled in the art. In this example, the use of 
Triton X-100 lysis, phenol/SDS RNase inactivation gave 

15 excellent results. 

1. The mouse monoclonal cells that were used here had 
been harvested by centrifugation and resuspended in serum 
free medium. They were then centrifuged and resuspended 
in saline and after a final centrifugation step, 

20 resuspended in sterile water at 1 x 10 7 cells per ml. 
(Normally cells would be washed in PBS buffer and finally 
resuspended in PBS buffer, but these particular cells 
were supplied to us as described frozen in water.). 

2. To 750jal of cells was added 250ul of ice cold 4X 
25 lysis buffer ( 40mM Tris HC1 pH 7.4/4mM MgCl 2 /600mM 

NaCl/40mM VRC (Veronyl ribosyl coraplex)/2% Triton X-100 ) . 
The suspension was mixed well and left on ice for 5 
minutes . 

3. Centrifugation was carried out at 4 °C in a microfuge 
30 at 13000 rpm for 5 min. 

The supernatant is then phenol extracted three times, 
phenol chloroform extracted three times and finally, 
ethanol precipitated as described in the materials and 
methods. The precipitate was resuspended in 50ul water. 

35 4. The optical density of the RNA at 260nm with a 2.5ul 
sample in 1ml water was measured. The RNA was checked by 
electrophoresis of a 2ug sample on a 1% agarose gel. RNA 
in the range of 32ug to 42ug was obtained by this method. 
B. cDNA Preparation 

40 The method used is the same as that described in 

example 14. Two cDNA preparations were made. These were 
from RNA extracted from the monoclonals known as cell 
lines 013 and 014 which both express antibodies against 
eh steroid hormone, oestriol. 

45 C. Primary PCRs 

The method used is essentially the same as that 
described in example 14. The VH region was amplified 
with the primers VH1BACK and VH1F0R-2. For the Vkappa 
region, four separate reactions were carried out using 

50 the primer VK2BACK and wither MJK1F0NX, M JK2F0NX , 
MJK4F0NX or MJK5F0NX. Samples ( 5ul ) were checked on a 
1.5% agarose gel. From this it was observed that for 
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cDNA prepared from the two oestriol monoclonals the 
primers VK2BACK and MJK1FONX gave the best amplification 
of the Vkappa region. The VH bands and the Vkappa bands 
amplified with VK2BACK/MJK1FONX were purified on 2% low 
5 melting point agarose gels for each monoclonals. The DNA 
bands were excised from the gel and purified using a 
dedicated Geneclean kit as described in example 14. 
D. Preparation of linker 

The method used is essentially the same as that 

10 described in example 14. In this case f the amplified 
linker DNA was purified on a 2% agarose gel and recovered < 
from the gel with a dedicated "Mermaid" kit (BIO 101, 
Geneclean, La Jolla, San Diego, California, USA) using 
the manufacturers instructions. 

15 E . Assembly PCRs 

The method used is essentially the same as that 
described in example 14. In this case, the assembled pck 
product was purified on a 2% agarose gel and recovered 
from the gel with a dedicated "Mermaid" kit. 

20 F. Adding restriction sites and work-up 

The assembled product was "tagged" with Apa LI and 
Not I restriction sites. The DNA was then digested with 
Apa LI and Not I to give the appropriate sticky ends for 
cloning and then purified on a 2% low melting point 

25 agarose gel and extracted using a Geneclean kit. The 
method used is the same as that described in example 14. 

G. Cloning into Vector fd-CAT2 

A total of 15ug of CsCl purified fd-CAT2 DNA was 
digested with 100 units of the restriction enzyme Not I 

30 (New England Biolabs) in a total volume of 200ul IX NEB 
Not I buffer with IX NEB acetylated BSA for a total of 3 
hours at 37 °C. The vector DNA was the treated twice with 
15ul Strataclean (a commercially available resin for the 
removal of protein), following the manufacturers 

35 instructions (Stratagene, 11099 North Torrey Pines Road, 
La Jolla, California, USA). The DNA was then ethanol 
precipitated and redissolved in TE buffer (Sambrook et 
al., 1989 supra). The DNA was then digested with 100 
units of the restriction enzyme Apa LI (New England 

40 Biolabs) in a total volume of 200ul IX NEB Buffer 4 
overnight- at 37°C. The vector was then purified with a 
Chroma Spin 1000 column following the manufacturers 
instructions (Clontech Laboratories Inc, 4030 Fabian way, 
Palo Alto, California, USA). This step removes the Apa 

45 LI/Not I fragment to give cut vector DNA for maximum 
ligation efficiency. 

Ligation reactions were carried out with 2.5-10ng of 
the DNA insert and lOng of vector in a total volume of 
lOul of IX NEB ligase buffer with lul of NEB ligase (New 

50 England Biolabs) at 16°C overnight (approx 16 hours). 

H. Transformation and growth 

E.coli strain TGI was made competent and transformed 
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with the fdCAT2 recombinant DNA as described by Sambrook 
et al, 1989 Supra. The cells were plated out on LBtet 
plates ( lOg tryptone, 5g yeast extract, lOg NaCl, 15g 
bacto-agar per litre with 15ug/ul of tetracycline added 
5 just before pouring the plates) and grown overnight. 

Single well isolated colonies were then inoculated 
into 10 ml of LBtet broth (LB medium with 15ug/ul of 
tetracycline) in 50 ml tubes. After overnight growth at 
35°C/350rpm in a bench top centrifuge. The supernatants 

10 were transferred to 15 ml centrifuge tubes and 2ml 20% 
PEG 8000/2. 5M NaCl added to each. After incubating at 
room temperature for 20-30 minutes, the recombinant phage 
was pelleted by centrif ugation at 9000rpm in a Sorval 
SM24 rotor for 30 minutes. The PEG supernatant was 

15 discarded. Any remaining PEG was removed with a pasteur 
pepette after a brief (2 minutes) centrif ugation step. 
This last step was repeated to make sure that no PEG 
remained. The phage pellet was then resuspended in 500ul 
PBS buffer. This was transferred to a microcentrifuge 

20 tube and spun at 13000 rpm to remove any remaining cells. 
The phage supernatant was transferred to a fresh tube. 
I . Assay for antibody expression 

Bacteriophage fd recombinants were screened for the 
expression of antibody against oestriol by ELISA. This 

25 method is described in example 6. In this case the 
following alterations are relevant. 

1. Microtitre plates were coated overnight with 40ug/ml 
oestriol-6 carboxymethyloxime-BSA (Steraloids, 31 
Radcliffe Road, Croydon, CRO 5QJ, England). 
30 2. 1st antibody was the putative phage anti oestriol 
antibody. 50ul of phage in a final volume of 200ul of 
sterile PBS combining 0.25% gelatin was added to each 
well. 

3. 2nd antibody was sheep anti M13 at 1:1000 dilution. 
35 4. 3rd antibody was peroxidase conjugated rabbit anti 

goat immunoglobulin. 

Recombinants expressing functional antibody were 

detected by incubation with the chromogenic substrate 

2 T 2 ' axinobis ( 3 -ethyl benzthiazoline sulphonic acid ) . 
40 The results are shown in figures 32 and 33. 

Example 30 

Kinetic Properties of Alkaline Phosphatase Displayed on 
the Surface of Bacteriophage fd 

This example demonstrates that kinetic properties of 

45 an enzyme expressed on phage are qualitatively similar to 
those in solution. Bacteriophage fd displaying alkaline 
phosphatase fusions of gene 3 with either the native 
arginine (see example 31) or the mutant residue alanine 
at position 166 (see example 11) were prepared by PEG 

50 precipitation as described in the materials and methods. 

The kinetic parameters of alkaline phosphatase 
expressed on the surface of fd phage were investigated in 
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1M Tris/HCl, pHB.O at "'^1^1^ 

phosphate as substrate T he ^^ lkaline phosphatase 
the addition of lOOul of ^ P 9 w±th respec t to 

fusion preparation, 50 fold cones change of 

5 the original ^^JL^™^^ using a Philips 8730 
absorbance was monitored at ±al reac tion rate 

spectrophotometer and ^sorbance of 16200 1/mol/cm. 
calculated using a ^ ol ^^ & S °^ not f dphoArgl66 a lag 
For the fdphoAla 166 enzyme but " v & taction rate 
10 phage was seen «jl^xngtitas additi ^ Qbtained after 
accelerating until a steady s rate 
approximately 60 to 90 sees. ± parameters. No 

uSd for totm™^on^^g^J m apparen t for 
deviation form Michael is Menten were ived 

either phage enzyme. Values of * m shown c i n Table 6. 
from plots of s/v agaxnst^sa^ are ^ egtablishing the 

Because Oi nha ae particles an u«= 

relationship between the number o ^hafle P ^ ^ 
number of active enzyme darners «*■ values , but as 

values are expressed not as *°Z e forms . Western 
relative values between the two & enzyme 3p 
blots (carried out as in examp x tions use d in this 
antiserum) of the phage enzyme ^£ a £° ensities for the 
experiment showed approximately equal i ^ ^ al66 

lull length fusion band J 1 ** ™* d * | irec ted against 
enzymes when detected "Nations ° the intact fusion 

intact fusions. kinetic data from this 

Table 6 summarises the Kinex chaidar oglou, 

experiment and compares it «i* ^ a (1988)) obtained 
A. at al (Biochemistry |7 , 833b a ^ mutant 

35 W ith soluble P^P^^^^^A^te and assay conditions 
enzyme forms. The same substrate ana * alkaline 

S used in both exparx«a«r ts in our 

40 mQl ^fe'f f ec^o^ mutat « asinine at gj**-^ to 
alanine is qualitatively similar for ^ t P ^ ^ fQld 
for the soluble enzyme- K m ^ ^ to 36% of that for 
and the relative k cat ^ d ^ creas uld re fiect a reduction 

45 wild type. ^.V^ ^he^age enzyme on mutation of 
in substrate affinity m me pn s soluble enzyme 

Ar gl66, as was proposed for % ssuming the same 
(Chaidaroglou et al 19 88 supr >, howeV er, some 

kinetic mechanism applies. ™ e ™ havio i r of of the 

50 quantitative fences . i the ^behav^ ^ ^ ■ 

phage enzyme. The K m ^ free enzyme; the K m 

compares with a Km or h 
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for fdphoAlal66 is 1070uM whereas the free mutant enzyme 
has a K m of 1620uM. One can speculate that the higher K m 
for fdphoArg 166 and the lower K m for fdphoAlal66, 
compared to the soluble enzymes result from the 
5 'anchored' alkaline phosphatase fusion molecules 
interacting to form dimers in a different manner to the 
enzyme in free solution. 

The relative values of k cat for the Argl66 and 
Alal66 forms are however very similar for both the phage 

10 enzymes and the soluble enzymes, a reduction occurring on 
mutation to 35 to 40% of the value for the native enzyme. 
The rate limiting step, determining k cat: , for soluble 
phoArgl66 is thought to be dissociation of non-covalently 
bound phosphate from the enzyme (Hull W.E. et al. 

15 Biochemistry 1J5, 1547-1561 1976). Chaidaroglou et al 
(1988) supra suggest that, for the soluble enzyme, 
mutation of Argl66 to alanine alters additional steps, 
one of which may be hydrolysis of the phosphoenzyme 
intermediate. The similarity in the reduction in k cat on 

20 mutation of Argl66 to alanine for the phage enzymes 
suggests that the same steps may be altered in a 
quantitatively similar manner in the mutant phage enzyme 
as in the mutant soluble enzyme. 

Thus, enzymes displayed on phage show qualitatively 

25 similar characteristics to soluble enzymes. 
Example 31 

Demonstration using Ultrafiltration that Cloned Alkaline 
Phosphatase Behaves as Part of the Virus Particle 

The construct fdphoAlal66 (derived in example 11) 
30 was converted back to the wild type residue ( arginine ) at 
position 166 by in vitro mutagenesis ( Amersham 
International ) using the printer 
APARG1 66: 5 1 TAGCATTTGCGCGAGGTCACA 3 ' . 

This construct with the wild type insert was called 

3 5 f dphoArgl 66. 

E.coli TGI or KS272 cells (cells with a deletion in the 
endogenous phoA gene, Strauch and Beckwith, 1988 Supra) 
containing either f d-phoAlal66, fdphoArgl66 or fd-CAT2 
were grown for 16 hours at 37 °C in 2xTY with 15pg/ml 

40 tetracycline. Concentrated phage were prepared as 
follows. Phage-enzyme cultures are clarified by 
centrifugation (15 min at 10,000 rpm, 8 x 50 ml rotor, 
sorval RC-5B centrifuge). Phage are precipitated by 
adding 1/5 volume 20% polyethylene glycol, 2.5 M Nacl, 

45 leaving for 1 hr at 4°C, and centrifuging (as above). 
Phage pellets are resuspended in 10 mM Tris-HCl, pH 8.0 
to l/100th of the original volume, and residual bacteria 
and aggregated phage removed by centrifugation for 10 to 
15 minutes in a bench microcentrifuge at 13000 rpm at 

50 4°C. 

SDS/Polyacrylamide gel electrophoresis and western 
blotting were basically as described previously (example 
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2) Denatured samples consisting ofl6ul of a 50 fold 

concentrate of phage ^ dSESJ wilS polyclonal 
SDS/polyacrylamide gel and detected wx v a / kaline 

antiserum raised aga mat C °£ uth Nelson 

5 phosphatase ^^^.^l 10 ^^^!^ NE23 9HL) 
Industrial Estate, Cramlin gton No |thumberx ,^ g ^ 

or against the minor coat P«* el £ ' Jtanz see Stengele et 

E^Se?^ by 

15 from fd-phoAlal66 <P**£T«^ ^iSed against the gene 
phage). Detection wxth antiserum rax sed^ag^ 

SooSei«"«"7«). of .63 ^ ^ gy^sSS: 

-lecula^ 

electrophoresis (Stengele et al 1990). _ an . 

ln the ^-phoAiaiee "J*^ into account 

apparent Mr of 115, .000, (J 1 *' M ' ene 3 portion of the 

the aberrant mobility of : the gene y ted from 

fusion, this i-JJ^^^^' X £«an P of 47 kD 

fusing with an alkaline P""** or oDortion of the Gene3 
This analysis also ^^l^JJ^^ preparation is 
reactive material xn this P*^ enzyme * ne 3 product, 
present at the size of the ^ ative ur 9 ™. P ln the 

Suggesting that *^g^ n 3A X \£Z££%l. Y 5-10% of 
preparation shown xn figure to re cent 

? he P gene 3 fusions a ^ntact^^n ^ ^ ^ 

Sffi^ 3^ -Sioi^y 30-60% of fusions 

are full-length. major prot ein 

iiil^Hment of this ban V° ^^cells, which have a 
phage enzyme is prepared using KS272 Beckwith, 
deletion in the endogenous oho| 9™ J 8 ™^ ^ ^ 
1988, supra.) it is also the maj react ive with 

additional bands at Mr J ^J^te degradation of the 
anti-BAP antiserum whxch may xndxcate aegira 

alkaline phosphatase. This pattern is 
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precipitated vector phage samples (figure 34c) and is not 
therefore contributed by protein expressed from the 
cloned phoA gene. These bands are detected in culture 
supernatants of cells carrying fd-CAT2 but is not 
5 detected in the supernatant of uninfected cells (not 
shown) and so either represents cross-reactivity with 
phage encoded material or with a PEG precipitable 
cellular component leaked from infected cells (Boeke et 
al, Mol. Gen. Genet. 186 , 185-192 1982). Although the 
10 fragment of Mr, 45,000 is close to the size of free 
alkaline phosphatase (47,000), it is present in phage 
preparations from KS272 cells which have a deletion in 
the phoA locus. Furthermore its mobility is different 
from purified alkaline phosphatase and they can be 
15 distinguished by electrophoresis (figure 34d). 

Ultrafiltration was used to confirm that the fusion 
protein behaved as though it were part of a larger 
structure, as would be expected for an enzyme bound to a 
phage particle. Phage samples (lOOpl of a 50 fold 
20 concentrate) were passed through ultrafiltration filters 
with a nominal molecular weight limit of 300000 daltons 
( Ultraf ree-MC filters, Millipore) by centrif ugation for 5 
to 15 minutes at 13,000 r.p.m. in an MSE microcentaur 
microfuge. Retained material was recovered by 
25 resuspending in 100^1 of lOmM Tris, pH 8.0. 

Phage-enzyme or free alkaline phosphatase (83ng) 
mixed with vector phage were passed through filters with 
a nominal molecular weight limit of 300,000 daltons 
(Ultraf ree-MC filters, Millipore). Figure 35 A again 
30 shows that the band of Mr, 115,000 is the major product 
reactive with anti-BAP antiserum. This and the other 
minor products reactive with anti-BAP are present in 
material retained by the ultrafiltration membrane. 
Analysis of retained and flow through fractions of phage 
35 preparations derived from KS272 demonstrates that 
different molecular species are being separated by the 
ultrafiltration membranes. Figure 35b shows the protein 
of Mr 115,000 is retained by the filter whereas the 
putative degradation products of Mr 95,000 and 60,000 
40 found in phage preparations derived from KS272 cells, are 
not retained. 

In mixture of alkaline phosphatase and vector phage 
Figure 35c- f, free alkaline phosphatase (dimer size of 
94,000 daltons) is detected in the flow through as a 

45 monomer band with Mr 47,000 on denaturing polyacrulamide 
gels (figure 35B), while the cross reactive molecule 
found in vector phage preparations (Mr 45,000) is in 
retained on the filter (figure 35B). This suggests that 
the cross reactive molecule is pert of the phage particle 

50 and underlines the fact that the ultrafiltration 
membranes are effecting a separation. Thus the expected 
fusion band in this phage-enzyme is present in material 
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5 particles e *P r *^f ! * a £ - n e phosphatase gene expressed on 
that the wild type alkaline P F activity (moles of 
phage ( f d-phoArgl66 ) has a speci viral particles) of 
substrate converted per mole o turnover va lue of 
3,700/min. This .inline phosphatase by 

10 4540/min found for ^f^J* * X 3 1893 -1897 1964). 

Malamy and Horecker Biochemistry 3 ^ shown t 

Chaidaroglou et al, isoe * * the active site 
substituting alanine for «*££5. 1o £ in the rate of 
(residue 166) leads to * r *P^ displaying alkaline 
catalysis. *^ a * x ~ derived from TGI and KS272 

phosphatase with this ««»*»*J^tlS of 380 and 1400 mol 

f.w~... r-ori.med specific activities or „.„ 4 „ olv _ Enzyme 

substratV converted/mol ■ P£f'£» aineTTnd* 'fTow-through 
activity was ^asured "^f^"^; shown in figure 
fractions prepared ^.^"^p^age-enzyme was retained 
35. The bulk of activity from P^g j ^ ^ free 

on the filters whereas ^JJJ^^e enzyme activity in 
enzyme passes through. Therefore x "® ^ for vir ally 
3£ fusions behaved a s would be expect^ ^ 
associated enzyme (not shown^ vector phage from 

activity is measured m P^P^^f indication that the 
either TGI or KS272 cells ( Table ^ > enzyme and 

catalytic activities ^ phosphatase. Addition 
not contamination ^ with ^terxal does nQt have a 

■S B1 S3£^^ S ^c^t" -a i— - hemical 
Therefore, both the cataiY x demonstrated 
activity of alkaline i pfao sph atase ha part icle. 
to be due to enzyme which is parr oi 

F.xamole 32 . nhaae n 1 Tr^ 1 •'"'=» phosphatase 

TgTT^TT y-Ehromatogr^phY of phage a i bu y ing 

^^^^^^^af^roved to be a very powerful 

properties of enzymes ^ h ^s or ovea puri f ic ation of 

method for P"t!SoSS%ould enable the genetic 

phage-enzymes by this approach wou . solated with the 
material encoding the enzyme to ^ enzymes 

enzyme itself. Thus ' ^™^f 9 filamentous bacteriophage 
expressed on the s urface J^/enzyme variants, from 
Thich 1 varies :fth% P eTr^bInding parties could be 

—sflu^le alkaline ^^^S^^^SSTt^ 
has been purified by ^ n dl ng x ±norganlc 

COmpetitiV \icf fsTp oduct (and competitive inhibitor) 
50 phosphate, which is a P r °i^ v Q t al B iochem. J. 151 
ill^e^ir^r "ants \ a ve' determined tfcat 
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soluble alkaline phosphatase from E.coli is also retrained 
by this matrix (not shown). In this example it is 
demonstrated that phage displaying E.coli alkaline 
phosphatase binds to arsenate-Sepharose and can be 
5 specifically eluted. 

Arsenate-Sepharose was prepared by coupling 4-(p- 
aminophenylazo ) phenyl arsonic acid to tyraminyl- 
Sepharose according to the method of Breena et al, (1975; 
supra). Affinity chromatography of phage enzyme 
10 fdphoArgl66 (example 31) was carried out in a disposable 
chromatography column with a 0.5 ml column volume. 
Columns were prewashed with 100 volumes of column buffer 
(lOOmM Tris pH 8.4, ImM MgCl 2 , 0.1 mM ZnCl 2 , 0.1% Tween 
20, Brenna et al, 1975, supra.) 1ml of a 40 fold 
15 concentrate of phage-enzyme (in column buffer; prepared 
as in example 31 ) was loaded and washed through with 100 
volumes of column buffer. Bound phage-enzyme was eluted 
with 5mls of column buffer containing 20mM NaHPO^ The 
eluate and wash fractions were quantitated by dot 
20 blotting onto nitrocellulose and comparing with known 
amounts of phage-enzyme. The blots were detected using 
sheep anti-M13 antiserum (gift from M. Hobart ) , anti- 
sheep peroxidase (Sigma) and enhanced chemiluminescent 
substrate (Amersham). A range of exposures were taken. 
25 Table 8 shows the results of affinity chromatography 

of phage displaying alkaline phosphatase on arsenate- 
Sepharose. In separate experiments phage particles 
expressing either mutant ( f dphoAla 166; example 11) and 
or wild type ( f dphoArg 166) forms are retained on 
30 arsenate-Sepharose and eluted with inorganic phosphate. 
Approximately 0.5 to 3% of added phage enzyme particles 
loaded ('input phage') were specifically eluted with 
phosphate ( 'output phage' ) compared to only 0.05% of 
vector particles. Arsenate is a competitive inhibitor 
35 with K± of 20vlM with respect to 4- nitrophenyl phosphate. 
Phage particles antibodies have previously been isolated 
on the basis of interactions with similar affinities 
(example 23). This association is in within the range of 
a large number of enzyme-ligand interactions suggesting 
40 wide applicability for this approach. 

Table 8 also shows that the infectivity of phage 
particles expressing enzyme is reduced with compared with 
vector phage particles. This makes titration of 
infectious particles an inappropriate means of 
45 quantitating the number of phage enzyme particles. For 
this reason the number of phage were measured by dot 
blotting and phage were detected with anti-M13 antiserum 
as above. 

Whereas, overall recovery of catalytic activity may 
50 be an important consideration in enzyme purification, 
this is not critical with phage-enzymes. Even if only 
low levels of phage-enzyme bind to and are specifically 
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elu ted free affinity coX^ ^s wiU generate clone, 
^es^or^r^an^eST « expression vectors 
yielding soluble products. 

f|g!tSly_oO!^^ 

^rpcted against o xazolone encoding Fab fragments 

Example 2b showed Lhat genes en y the 

could be subcloned into jctors fd C * T/ Q P f phage with 
protein domains displayed on the _surra ^ 
retention of binding f^ctxoru ™ P sep arately and 

the VHCH and VKCK domains ff"^^^" expression of the 
?hen joined by a ^^J^f^^^fuslon and the VHCH 
light chain as a A functional Fab 

15 fragment as a soluble » ol «f u ^: by association of 
fragment is then displayed on phage by ' ±n this 

these domains. The assembly * library of Fab 
example, is require* r ^ n e"repertoire if both 
20 SS?a ^r^o^s ^ to be encoded within a 

—'SrSSi and VKCK -a^a -TSSSkTSS 
SU SSS gainst 

( - citing 



30 into both vec *°J s 25 ^ n rcKNOTFOR (example 40). A linker 
VK2BACK (example 25) ana . v the bacteriophage fd 

oligonucleotide f ragme nt was prepared 

r^lSSTS a re d g io h n% f oUTning P them from the vector 
35 "EcS #S us'ing tie oligonucleotides. 

GGT GAG CTC AAT GTC GGAGTG AGA ATA GAA 
AGG 3 (overlapping with VK2BACK [example 14] ) 
and . 

40 CHI-TERM-BACK ^ G ^ GTT GAG CCC AAA 

TCT^AGC^^G^^A^ ACC GAT ACA ATT AAA GGC 3' (overlapping 
with HulgGl-4 CH1-F0R) amplified VHCH1 and 

Assembly of the ^ab fragment ^ £r ° d ag above was as 

45 VKCK domains and the linker prepa ^ pr± 

described in example 14E exc ePJ VH1BACKSFH5 
VH1BACKAPA (when cloning int o J^f^ used for the 

(when cloning into ? HEN HhStbv introducing restriction 
final reamplification thereby int^ ^^ ^ pHEN1 

50 sites for cloning into fdCAT2 : ( P ^ ±n f . 

Sf^i^^^^ - the absence of 
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linker. An assembled scFv prepared according to example 
14 is shown for comparison. 

Phage antibodies were prepared as in example 25 and 
ELISA was performed with oxazolone as antigen according 
5 to example 6. Results were as expected for Fab fragments 
cloned in both fdCAT2 and pHENl samples, phage particles 
bound to oxazolone as detected by a positive ELISA 
signal . 
Example 34 

10 Construction of a Gene III Deficient Helper Phage 

To fully realise the potential of the phagemid 
cloning system, a helper phage lacking gene III is 
desirable. Rescue of gene III fusions with such a helper 
phage would result in all the progeny phagemids having a 
15 gene III fusion on their capsid, since there would be no 
competition with the wild type molecule. 

Control over the number of fusion molecules 
contained on each phage will provide particularly useful. 
For example, a gene III deficient helper phage can be 
20 used to rescue low affinity antibodies from a naive 
repertoire, in which high avidity will be necessary to 
isolate those phage bearing the correct antibody 
specificity. The unmutated helper phage can then be used 
when higher affinity versions are constructed, thereby 
25 reducing the avidity component, and permitting selection 
purely on the basis of affinity. This will prove a 
surprisingly successful strategy for isolation and 
affinity maturation of antibodies from naive libraries. 

The strategy chosen to construct the helper phage 
30 was to partially delete gene III of M13K07 using 
exonuclease Bal 31. However, phage lacking gene III 
protein are non-infective so an E.coli strain expressing 
gene III was constructed. Wild type M13 gene III was 
PCR-amplified with primers glllFUFO and glllFUBA, exactly 
35 as described in example 24. The PCR product was digested 
with Eco RI and Hind III and inserted into Eco RI and 
Hind Ill-cut pUC19 (not a phagemid as it lacks the 
filamentous phage origin of SS DNA replication) under 
control of the lac promoter. The plasmid was transformed 
40 into E.coli TGI, and the resulting strain called 
TGl/pUC19gIII . This strain provides gill protein in 
trans to the helper phage. 

There is a single unique Bam HI site in M13K07, 
which is .approximately in the centre of gill. Double- 
45 stranded M13K07 DNA was prepared by alkaline lysis and 
caesium chloride centrif ugation (Sambrook et al, et 
supra. 1989); twenty yg of DNA was cut with Bam HI, 
phenol extracted and ethanol precipitated then 
resuspended in 50pl of Bal 31 buffer ( 600mM NaCI, 20mM 
50 Tris-HCl pH 8.0, 12 mM CaCl 2 , 12mM MgCl 2 and ImM EDTA) 
and digested for 4 minutes with 1 unit of Bal 31 (New 
England BioLabs). This treatment removed approximatley 
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1Kb of ON A . «» was added - ^ ^ 

5 K S -P^SS* were transformed 

5 W Aliquots of the lotion ^^SeTS S 0B medium 
into detent T^^^^S^ kanamycin at 
containing ^P 1011 ^* screened for the Presence of a 
^etJon C by 10 PC e R S Timers glllFUBA and KSJ12 

10 ?2gIa^TACCCAAAAGAACTGG). n is imm ediately 

KSJ 12 anneals to gene VJ - distinguishing 
downsSeam of gill in the P* a f resident 9 on the 
o?S on the helper phage from Stated PCR products 
is oiasmid. Three clones ^ave tructated fl 
15 copending to deletions ^ca . 200,^ ^ ^3 
These clones wei« — ^ cnlated from rne w^^- 

respectively. No clones were ^oUted ^ ^ 

too far. . , - - nd 3 we re cultured and the 

M13K07 .glllANo.s l,2j and _ 3 we abi iity to rescue 
25 resulting helper phage *f£ ELISA, exactly as 

25 an antibody glU fusion ( > in Y f igure 37, only one 
^^crribed in example 18. as j>" uw * rpecue the antibody 
c!one Sl3K07 .gill A No3 was foundto rescue t ^ 
SiST- in fact the ^^l^TmsSol "13K07 gIII£ 
30 San that observed with the pa rent Mi h±gher d&ns ^ 

30 N o3 rescued ^^ S J h ^elr surf aces . That this was 
of antibody fusions on *^rs hage use d in 

Sdeed the case was , d » u ^2ateni blotting with anti 
Sis EUSA were analysed by Wester analysis enables 
35 Si! protein antiserum (fig. 38) . Tax . n versus 

35 estimation of the amount rf^ (|ld) particles . 

free gill protein present on tne p , u prote in on the 

only a minute fraction of the * intact fusi0 n 

Ml3K07-rescued f^^Jl^nd is induced by IPTG, so 
rfia 38). The fusion protein Dana phagemid. As 

is indisputably that synthesised by the.p g^. 
ejected, even when the lac Pr«ttr ^ 
protein synthesis is ful ^ er ^ y numb er and driven from 
+voe alii protein, at a lower *-"«r ± in contrast 

alarweaker promoter ^Pf^^ me ^lone rescued with 
to the liattern^genera^^ti^*^^ by fd CAT 2 

g iIlANo3 was immensely inetncie 
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of starting DNA. Moreover, the yield of gill helper 
phage from overnight cultures is extremely low ca.10 6 
cfu/ml compared with ca. 10 11 cfu/ml for the parental 
phage. Despite this, M13K07 gill No3 rescues the 
5 phagemid as well as the parental phage, as judged by the 
number of phagemid particles produced after overnight 
growth. This indicates that trans replication and 
packaging functions of the helper are intact and suggest 
that its own replication is defective. Hence it may be 

10 that inactivation of gill is normally toxic to the host 
cell, and that M13K07 gIIlANo3 was isolated because of a 
compensating mutation affecting, for example, 
replication. Phage fd-tet is unusual in that it 
tolerates mutations in structural genes that are normally 

15 lethal to the host cell, since it has a replication 
defect that slows down accumulation of toxic phage 
products; M13K07 glllA No3 may also have such a defect. 

M13K07g IIlA No 3 has been deposited at the National 
Collection of Type Cultures, 61 Colindale Avenue, London, 

20 NW9 6HT, UK (Accession No. NCTC 12478). On 28 June 1991, 
in accordance with the regulations of the Budapest 
Treaty. It contains a deletion of the Ml 3 genome from 
bases 1979 to 2768 inclusive (see Van Wezenbeek, P.G.MvF. 
et al., Gene II pl29-148, 1980 for the DNA sequence of 

25 the Ml 3 genome). 
Example 35 

Selection of bacteriophage expressing scFv fragments 
directed against lysozyme from mixtures according to 
affinity using a panning procedure 

30 For isolation of an antibody with a desired high 

affinity, it is necessary to/ be able to select an 
antibody with only a few fold higher affinity than the 
remainder of the population. This will be particularly 
important when an antibody with insufficient affinity 

35 has been isolated, for example, from a repertoire derived 
from an immunised animal, and random mutagenesis is used 
to prepare derivatives with potentially increased 
affinity. In this example, mixtures of phage expressing 
antibodies of different affinities directed against hen 

40 egg lysozyme were subjected to a panning procedure. It 
is demonstrated that phage antibodies give the ability to 
select for an antibody with a K d of 2nM against one with 
a K d of 13nM. 

The oligonucleotides used in this example are shown 
45 in the list below: 
OLIGONUCLEOTIDES 

VHBHD13APA : 5'- CAC AGT GCA CAG GTC CAA CTG CAG GAG AGC 
GGT 

VHFHD13 : 5 f - CGG TGA CGA GGC TGC CTT GAC CCC 

50 HD13BLIN : 5'- GGG GTC AGG GCA GCC TCG TCA CCG 

HD13FLIN3 ; 5 1 - TGG GCT CTG GGT CAT CTG GAT GTC CGA T 
VKBHD13 : 5 T - GAC ATC CAG ATG ACC CAG AGC CCA 
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VKFHD13N0T : 5 - GAG TCA Ti 
CAC CTT GGT CCC TTC CCT GT 

M^^SEQ : 5;- GAG GAG ^ ^ 

SSSff ; 1 I- GCG ATG £ SS 35 S -a GGC 
FDPCRBAK : dire cted against lysozyme 

Phag e displaying ±'% t £&^~J» were 
^ feavy and° Sght chain var ^ * ^ fr om 

piasmids contaxnxng jum ^ ^ fragments ^« ££erant 

set ^ ks c ^ as Fabs - are 

combinations of the two p 

shown below: _ T „hi- chain Plasmid _* a „ M 

Heavy Chain Piasm.u ^.3 ,j »» 

HuH-1 huK-4 J|° ™ 

5SS-I fur.! • <~* determined) 

?^i*axS! . mary pcH of the variable regions was 

The primary following: 

performed by combmmg the tox 
ok ^6 5 ul Water 

25 3 5 %1 PGR buffer (I0x) VKBHD13) 

2 5 ul Forward 0119^ ^ • • to 

30 VKFHD13NOT) decontaminated by UV ^^"SSmid 

S5 added (0.1 r ug/ul). ^ C pl aced . °n the per blodc at 
2 drops of P a ^|^ n befor e the addition of 0.5 ^ x g 
35 9 4«C for 5 * inu * es u b J e ° the paraffin. T £f. c C £ 5 min 

U f ^id^NA ?he PCR cycling used was 
S2 vo^eol 1 ^!— u«d to suspend 
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(scFv HuD1.3) constructs was by the process of 'assembly 
by overlap extension 1 example 14. 
The following were combined: 
34.5 pi Water 
5 5 pi PCR Buffer (lOx) 
2 pi dNTP (5 mM) 

2.5 pi Back oligo (10 pmoles/pl) (VHBHD13APA) 
2.5 pi Forward oligo (10 pmoles/pl) (VKFHD13NOT) 

Once again, the reaction is decontaminate by UV 

10 treatment for 5 minutes before the addition of 1 pi of 
the primary PCR products; VH-1 or VH-2, VK-3 or VK-4, 
plus the linker DNA. The reaction was covered with 2 
drops of paraffin, and heated at 94 °C for 5 minutes 
before the addition of 0.5 pi of Taq Polymerase. The PCR 

15 cycling conditions used were 94°C 1 min, 60°C 1.5 min, 
72 °C 2.5 min for 20 cycles. 

The aqueous layer under the paraffin was extracted 
once with phenol, once with phenol: chloroform, once with 
ether, ethanol precipitated, and resuspended in 36 pi of 

20 water. To this was added, 5 pi of lOx Buffer for Not I, 5 
pi 1 mg/ml BSA, and 4 pi (40 U) of NotI (New England 
Biolabs ) . The restriction was incubated at 37°C 
overnight . 

The DNA was ethanol precipitated and resuspended in 
25 36 pi of water, and 5 pi lOx NEB Buffer 4, 5 pi 1 mg/ml 
BSA, and 2 pi (40 U) of ApaLI (New England Biolabs). 
This was incubated at 37 °C for 5 hours; a further 2 pi of 
ApaLl was added and the reaction incubated at 37 °C 
overnight . 

30 The cut DNA was extracted by gel purification on a 

1.3% low melting point agarose gel followed by treatment 
with Geneclean, to yield the insert DNA for cloning. 

Vector fd CAT 2 (prepared and digested with ApaLI and 
NotI as in example 20) and the scFv DNA were ligated as 

35 in example 20. 

Analysis Of Clones 

Colonies from the ligations were first screened for 
inserts by PCR screening. The PCR mixture was prepared 
in bulk by combining 14.8 pL lx PCR Buffer, 1 pi dNTP (5 

40 mM), 1 pi Back oligo (FDPCRBAK), 1 pi Forward oligo 
( FDPCRFOR ) , and 0.2 pi Taq polymerase per colony 
screened. 20 pi of this PCR mixture was aliquoted into a 
96 well Techne plate. The top of a colony was touched 
with a toothpick and twirled quickly into the PCR mixture 

45 and the colony rescued by placing the toothpick in a 
Cellwell plate (Nunc) containing 250 pi of 2x TY medium. 
The PCR mixture is covered with 1 drop of paraffin and 
the plate placed on the block at 94 °C for 10 minutes 
before cycling at 94 °C 1 minute, 60 °C 1 minute, 72 °C 2.5 

50 minutes. 

The clones thus derived were named as below. The 
affinity of scFv fragments derived the Fab fragments was 
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?r E c » rrr^XcH a 132-m. 1991,. 

Affinity 

Construct composition of Fab (Kd) 



Name 

TPB1 



VH-HUH2- ( Gly 4 -Ser S^uKS 13 nM 

—2 VH-HuHl- ( Gly 4 -Ser 3 -^»** ( ^known ) 

in S VH-HuH2-(Gly 4 -Ser 3-VK-HUK4 

10 TPB3 VH-HUH1 - ( Gly 4 -Ser ) 3- VK-HuK3 

vtt^a was as described in 
^llT^ctLis^^ Z ti CAT2 were to 
15 bind lysozyme as expected. 

?**< n i+y selection ^. ni±v Bindi ng Phage 

Selection or "y~ wer e performed in wfticn 

Mixing experiments were p h e±ther fd _ 

scFvDl.3 Phage (example 19) were^ ^ used ±n 

20 CAT2 TPB1, fd-CAT2 TFtsz, 

one round of panning. affinity selection by 

The general method used for n from this 

panning is that dattiled b elow • « int . Pann ing 

protocol is described at ^ pl P atf0 rm between 

25 plates were placea 0" 

manipulations. Tissue culture dishes were coated 

Falcon 35 mm T ^ s f u ? ( vari0 us concentrations) 

overnight with 1 ml ot [^SS^^ona^- P H 9.6 and 
dissolved in 50 mM Sodium Hydroge temperat ure for 2 

30 blocked with 2 ml 2* : MPBS a* MPBS and rocked at 

hours. Phage were Pf^^uri Plates were washed for 5 
room temperature f or 2 hours • solutions; 5 times 

minutes with 2 ml of the fo 1. owuj ?>5; 5Q0 ^ 

with PBS, PBS-Tween 50 Tn sB ci^ p ^ ^ ^ 

35 Sodium Chloride 50 5^1 oH 9 5 500 mM Sodium Chloride, 
Chloride,. 50 mM Tris-HCl, pH 9.^ * 5QQ m Sodium 

50 mM Sodium Hydrogen Carbonated p« ^ 1QQ m 

Chloride. pha 9% W S? k Sr f or 5 mi-tes before removing 

40 ^^S^wiTSSrS- with 100 ,1 1.0 M Tris- 

HC1 ' ?lates* were coated overnight with Lysozyme at the 
concentration listed below. Qf panning were 

b ed 0l :?ih S JSr "SuRdIeQ 9 ^ f or fdCAT2 scFvD1.3) or 
45 l^ttsE Q Tfo^C^ & Schuell, BA 

Circles of nit f igncil and lowered gently 

85 , 0.45 um) were labeled in ing experiments 

onto the colonies ffl d ^ Th e filters were then pulled 
50 and left for one Jd placed colony side up on a 

SSJ^a^pSr - ^^) soaked in Denaturing 



WO 92/01047 



PCT/GB91/01134 



103 

solution (500 mM Sodium Hydroxide; 1.5 M Sodium Chloride) 
for 5 minutes- They were then transferred to 3 MM soaked 
in Neutralizing Solution (3.0 M Sodium Chloride; 500 mM 
Tris-HCl, pH 7.5) for 1 minute, and then to 3 MM soaked in 
5 5x SSC; 250 mM Ammonium Acetate for 1 minute. The 
filters were then air dried before baking in an 80 °C 
vacuum oven for 30 minutes. 

The oligonucleotide probe was prepared by combining 
the following: 
10 2 \xl oligonucleotide (1 pmoles/yl) 

2 \xl ^ -32P ATP (3000 Ci/mmole) (Amersham International 
pic) 

2 pi 10 x Kinase buffer (0.5 M Tris-HCl, pH 7.5; 100 mM 
Magnesium Chloride; 10 mM DTT) 
15 12 pi Water 

2 yl Polynucleotide Kinase (20 Units) 
This was incubated at 37 °C for 1 hour. 

Hybridization was performed in the Techne HB-1 
Hybridiser. The baked filters were pre-hybridized at 
20 37°C in 40 ml of Hybridization Buffer (10 ml 100 mM 
Sodium pyrophosphate; 180 ml 5.0 M Sodium chloride; 20 ml 
50x Denharts Solution; 90 ml 1.0 M Tris-HCl, pH 7.5; 24 
ml 250 mM EDTA; 50 ml 10% NP40; made to 1 litre with 
water; 60.3 mg rATP; 200 mg yeast RNA (Sigma)), for 15 
25 minutes before the addition of the 20 jjI of the kinased 
oligo. The filters were incubated at 37 °C for at least 
one hour, and then washed 3 times with 50 ml of 6x SSC at 
37 °C for 10 minutes (low stringency wash). Filters were 
air dried, covered with Saran wrap and exposed overnight 
30 with Kodak X-AR film. 

Selection of fd-CAT2 scFv D1.3 from fd-CAT2 TPB4 

Figure 39, summarizes the results from panning 
experiments using a mixture of the high affinity fd-CAT2 
scFv D1.3 phage (Kd-2 nM) and the fd-CAT2 TPB4 construct 
35 (Kd-52 nM). 

At a coating concentration of 3000 \ig/ml Lysozyme, 
little or no enrichment could be obtained. It was 
however, possible to get enrichment for the scFv D1.3 
phage when a lower concentration of Lysozyme was used for 
40 coating the plates. The best enrichment value obtained 
was from 1.5% fd-CAT2 scFv D1.3 in the starting mixture, 
to 33% fd-CAT2 scFv D1.3 in the eluted faction, on a 
plate coated overnight with 30 pg/ml Lysozyme. 
Selection of fd-CAT2 scFv D1.3 from fd-CAT2 TPB1 
45 Enrichment for the high affinity scFv D1.3 phage 

over the fd-CAT2 TPB1 phage (Kd-13) nM, could only be 
shown from experiments where the plates had been coated 
overnight with low concentrations of Lysozyme, as shown 
in Figure 40. 

50 In summary, single chain Fv versions of a series of 

humanized D1.3 antibodies have been constructed in phage 
fd-CAT2. By affinity selection of fd-CAT2 phage 
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natures, by V^..^^J^ lm f^^T coulf°be 

"SJ^*^*^* a background 

SlSS scFv HUD1.3 phage. 

Example_36 Active S^ hzlococcal 

Expression__of — najaxy^ -.J-rtop hage td 
l^fciii^nlHOurp^^^l^^ phosphatase 

5E55!es 11 ana 12 fhowea xna ^ y tiC ally active 

from E.coli can be ex Pf ^J^phage «. Here we show 
enzyme on the surface of ^° te "° P als d 0 b e expressed xn a 
Slf Staphylococcal t °^^„~ ^..ting that this 
catalytically active i- 

methodology may be 9 enera t\ staphylococcal nuclease 

The gene for the enzyme v_ * (Ne uberger, 

(SNase) «^"^ ? 0?6of ^SSS) by PGR using primers 
T^4- Q rnal AnaLI (5 ! - ,,mmnp-QM and NotI 

SgXVtcctgc'acagagtgcaacttcaact«>~^ ■ 

GGGATCCGCGGCCGC^A^ 

sequence of the SNase gene and junc > ^ pnage „as 

checked by DNA sequencing. ™ e | Q . f ted E .coli TGI 
prepared Y from the supern ^/^^tation, and the 
Cultures by three rounds of PEG P» P electrophoresis 
fusion protein demonstrated by : SDb 3 ant iserum 

S3 Sestern blotting using "^^^se-lJbelled goat 
?Prof I. Rasched, K° nst f > f , "4 ) as described in 
anS-rabbit antibodies (Sigma) (Fig. .41 > ±n d 

product is seen. shown to be catalytically 

P The fusion protein was ? ho £ n _ gNase hage (4 x 0 
active by incubation ' of J« *J* S with s F ingle stranded 
tetracyclin resistant polonies ^ ence G f Ca 2+ , and 
DNA (1 ug) for 1 hr at 37 C in xne v elec trophoresis 
analysis of the digest by J? 1 dete cted with the 

figure 42). Nu <l lea ^0 TU f phage alone or after three 
narent fd-CAT2 (2 X 10 xu TU) P na 9~ f fd _ C AT2 (2 X 

£E£ of PEG Precipitation of mixt uxja^f^ 
10 10 TU) with SNase (0.7 ug) . ■ ™ on the surface of 

Results fronw "g^oSpSSlSS&d " or soluble SNase 
the phage and not from co P f iQn prot ein. The 
set free by degradation ot ™ (Figure 42) lies in the 
nuclease activity f 2 x 10 8 TU and assuming three 

same order of "^itude (2 x 10 ^ 
copies of SNase p.er TU) as an ^ authentic SNase 

(£o3 ng or 10* partic wit h 40 mM MgCl* 
1*1 ffi^ATl^d' activity (not shown) . 
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Example 37: Display of the Two Aminoterminal Domains of 
Human CD4 on the Surface of fd Phage 

The protein CD4, a member of the immunoglobulin 
superf amily, is a cell surface receptor involved in MHC 
5 class II restricted immune recognition, it is also 
recognised by the protein gpl20 derived from the human 
immunodeficiency virus (AIDS virus). The first two 
domains (named VI and V2, residues 1-178) of the surface 
antigen CD4 were amplified from pUC13-T4 (gift from T. 
10 Simon) containing the human cDNA of CD4, by PCR using 
primers with internal ApaLI ( 5 1 -GGA ATT C GT GCA C AG AAG 
AAA GTG GTG CTG GGC AAA AAA GGG G-3 ' ) and NotI ( 5 1 -GGG 
ATC C GC GGC CGC AGC TAG CAC CAC GAT GTC TAT TTT GAA CTC- 
3') restriction sites. After digestion with these two 
15 enzymes, the PCR-product was cloned into fdCAT2, and the 
complete nucleotide sequence of the CD4-V1V2 DNA and 
junctions with gene III checked by dideoxy sequencing 
using oligonucleotides f d-seql ( 5 1 -GAA TTT TCT GTA TGA 
GG), CD4-seql ( 5 1 -GAA GTT TCC TTG GTC CC-3 ' ) and CD4-seq2 
20 (5 f -ACT ACC AGG GGG GCT CT-3 1 ) . In the same way, a fd- 
CD4-V1 version was made, linking residues 1-107 to the N- 
terminus of gene III, using previously mentioned primers 
and oligonucleotide 5 ' -GGG ATC CGC GGC CGC GGT GTC AGA 
GTT GGC AGT CAA TCC GAA CAC-3 f for amplification, t PCR 
25 conditions and cloning were essentially as described in 
example 15 except that digestion was with ApaLI and NotI 
(used according to the manufacturers instructions). 

Both fd-CD4-Vl and fd-CD4-VlV2 phages were prepared 
from the supernatant of infected E.coli TGI cultures by 
30 three rounds of PEG precipitation, thereby concentrating 
the sample 100-fold for ELISA analysis. The fusion 
protein was detected in a Western blot (results not 
shown) with a rabbit anti-gene III antiserum, and 
revealed bands of the expected size. 
35 Binding of the CD4 moiety to soluble gpl20 

(recombinant HIV-IIIB gpl20 from CHO cells, ADP604> 
obtained from the Aids Directed Programme, National 
Institute for Biological Standards and Controls, South 
Mimms, Potters Bar, UK) was analysed in an ELISA, using 5 
40 pg/ml gpl20 for coating (overnight, in PBS). Anti-M13 
antiserum was used to detect bound phage; all other 
conditions were as in Example 9. Figure 43 shows the 
ELISA signals of wild-type phage (fd-tet) and both CD4- 
phages. Both CD4-phages can bind gpl20, but fd-CD4-VlV2 
45 binds much stronger to gpl20 than fd-CD4-Vl. The binding 
competitors, soluble CD 4 (recombinant soluble CD4 from 
Baculovirus, ADP 608; from the AIDS Directed Programme) 
(25 pg/ml) or soluble gpl20 (20 pg/ml), added together 
with the 50 pi phage stock sample during the ELISA, 
50 decreased the signal to background level . These results 
indicate that phage binding to gpl20 is mediated by the 
CD4 molecule displayed at its surface, , and that binding 
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is stronger »hen the two aminoternunal domains of CD4 are 

presented. enrf , rp receptor molecule which 

P Thus, CD4 is a cell s £ f *^*^ hage fd. Like the 
is active when di ^^^^Ly of which is 
PDGF-BB receptor, * he l6 CD4 is a member of the 

described in ex ^P le ? and this result suggests that 

^globulin W^LTb. orally suitable for 

display on the surface o* P^ffy _ ^ Mutants of an 

- f it wiil sometimes be a es ^f aD n for example 
diversity of a pool ofg«« ^^J^ large number of 

suitable In vitro v ££2^ f £ m ^\^Z^ 
attractive method, particularly r ±s tQ uge 

population of a library of an « of gene rating 
mu?ator strains. This has the JJ2™»ly limited only 
very large numbers of ^ants , ^ Bam ^ J phage 

* «- ™. £l^fu^dSt£ * be taken of this 

numEM^^ C iraAtibody scPv 

Nucleotide sequences , en i °° r ^. 3 . nitroph enylacetic , 
fragment directed again* ^ h jf ° X n y Latple P 14 Y from a 
acid (NP), scFvBIB, deri ^® d N p S wer e c i on ed into fdCAT2 
monoclonal a«*^ T ^lSo^on^5»rS in example 11 
using AP*"^ (fdCAT2 with its 

to create fdCAT2sctyt>io * no -removed and replaced by a 
tetracycline resistance 9 ™ e ? using PstI and Notl 

£« Tf ffl rrSlin'i-nene XXX to create 

P HENlscFvBl8 . ctrains ( R. M. Schaaper & R.L. 

The following mutat « straw. (R. r _ m> Scnaaper 

Dunn J. Mol. Biol. 262 1627-16270 8126-8130 1988) were 
Proc. Natl. Acad. Sci. U.S.A. 

used: ^ ,_ f1 ^.. T nl0 prolac, F'prolac 

NR9232: ara, thi, ^^ItI i™7*nl0, prolac 
NR9670: ara, thi, azi, mut n, F . prolac 
NR9292: ara, thi, «u«J 01 ' z f ° prola c F ' prolacI"Z~/\M15 
NR9084: ara, thi, mutTl, azi, proiac, 

M15 p if na iA, metB, argE(am), 

NR9046: ara, thi, supE, nt, 

prolac, F'prolac m Scnaaper (Department of 

were kind gifts of Dr. k. n 33 Research 

Health & Human Services, N1H, ru 
Tr?angle Park, N.C. 27709) 
N^mutDS: NR9046 ™tD5::Tnl0 
NR9046mutTl: NR9046 mutTl: :Tnl0 
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were constructed by PI transduction according to standard 
procedures. Mutator strains were transfected with 
f dCAT2scFvB18 of f dDOGKanscFvB18 and transf ectants 
selected for antibiotic resistance. Transf ectants were 
5 grown for 24h at 37 °C before mutant phage was harvested 
by PEG precipitation. The mutant phage were selected on 
a 1ml NIP ( 4-hydroxy-3-iodo-5nitrophenylacetic acid)- 
BSA-Sepharose affinity column (prepared according to the 
manufacturers instructions) prewashed with 200ml of PBS 
10 and blocked by 20ml MPBS. Phage were loaded on the 
column in 10ml MPBS and unbound material reapplied to 
ensure complete binding. The column was subsequently 
washed with 10ml of MPBS and 500ml of PBS. Phage bound 
to the affinity matrix was eluted with 5 column volumes 
15 of 0.33 mM NIP-Cap (example 48). 

Phage eluate was incubated for 30min to Ih with log 
phase (2x10 s cells/ml) E.coli mutator strains without 
antibiotic selection. The infected cells were then 
diluted 1:100 in 2xTY and grown for 24h with antibiotic 
20 selection (15pg/ml tetracyclin or 30jjg/ml kanamycin for 
fdCAT2scFvB18 or f dDOGKanscFvB18 respectively). Phage 
from this culture was used for another round of affinity 
selection and mutation. 

Binding of phage antibodies was assayed by ELISA as 
25 in example 9 except that ELISA plates were coated % with 
NIP - BS A ( 4 -hydroxy- 3 - iodo- 5 -ni tropheny lacetyl -BSA r 0 . 4 
mg/ml ) . Culture supernatants were prepared following 
growth in Cellwells as described in example 21 and * 20jj1 
of culture supernatant was added to each well diluted to 
30 200pl with MPBS . 

Phage samples giving signals in ELISA of more than 
twice the background were tested ELISA as above for non- 
specific binding against lysozyme, BSA or Ox-BSA (exampl 
9 ) . Specificity for NIP was further confirmed by an 
35 ELISA in which serial dilutions of NIP-CAP were added 
together with phage antibodies. Addition of increasing 
concentrations of NIP-CAP reduced the ELISA signal to the 
background level. 

Phage giving positive signals in ELISA were 
40 sequenced and 2 different mutants were subcloned into 
pHENl phagemid and transformed into HB2151 for soluble 
expression and TGI for phage display ( example 27 ) . 

For expression of soluble scFv fragments, 
transf ormants in E.coli HB2151 were grown at 37 °C in 1 
45 litre 2xTY, 0*2% glucoe, O.lmg/ml ampicillin to an OD600 
of 1 and expression of soluble scFv fragments induced by 
adding IPTG to ImM. Cultures were shaken at 30 °C for 
16h. 

Soluble scFvB18 was concentrated from crude 
50 bacterial supernatant in a FLOWGEN ultrafiltration unit 
to a volume of 200ml. 

The concentrate was passed two times over a 2ml 
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column of HXP-BSA-Sepharose 5 *™^%^ d ^ of 
The column was washed with 500ml °* £ dies elute d with 
Tris pH7.5, 0.5M NaCl «J phage antib ^ 
50mM Citrate buffer pH2. 3. Tne e ^ dialysed 

neutralised with lMTns pH8. T t he e % BS/ 0 . 2mM EDTA 

After 4 rounds ° f ^^J 10 ^ or two rare examples 
clones w^e screened a nd ,n ^ ane^ from 

strongly positive ELISA ^ the mutation of each of 
antibodies LcFvllB in the ELISA. The 

fdCAT2scFvBl8 and fdD ?f Ca fJT rB that the parent phage 
ELISA conditions were. such t These ph 

f dCAT2scFvBl8 only s ^£*%:; ±tive ELISA signals ^ere 
antioouxtso y--— - - - factor ot rouym^ t- — 

enriched in further rounds by | facto poS itive 
round. Forty phage ant lV eac 9 n displayed single 

signals were sequenced i and the* > ^ ^ gc p vB i8 

mutations in six d lf f of P „hich reside in the light 
nucleotide f J ve 1 stations occurred at 

chain. More than 7U* or " f-irst alvcine in the J 
prions 724 and 725 ^ n 9 t tra mewori 4) ?o serine (in 21 
segment of the light chain The mutations found 

2T.U of SCPVB18 is shown 

- Nucleotide the fragments 

of a framework mutant with the abov e g y cDR3 Qf 

Station, as well as ^^^ST ^ aspartate, were 
the light chain had bem mux: antibody clones and 
amplified by PCR from the P n °|J tially as in example 
subcloned into pHENl P^^i^oblems 7 with genelll 
35 25). This avoids P" 83 ^^ stra ins. The same 
mutations caused by the * utaxo mut ants were 

as above. f _. nm sc fvB18 and the scFv 

The scFv fragment s from bcfvb tyrosine 

fragments containing the we re expressed in 

to aspartate mutations "^.T^T £ nto E .coli HB2151 as 
45 solution l*°£^ 3 ^ t %£?%^T» differences in 
in example 27) at 30 C. ™ey ^ framewor fc 

the ELISA signals between wild rype antibody with 

mutant. The signal obtained f rom the p ^ 
the Tyr mutated to "V^gg^^ were found to be 
10x stronger. ^f^ western blotting using an 
comparable as 3 udged by Wester ribed above ). 

antiserum raised against gdp ^ 
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Affinity measurements were performed using fluorescence 
quenching as described in example 23. Affinity 
measurement of affinity purified scFv fragments however 
showed scFvB18, and the scFvB18 (Gly->Serj and 
scFvB18{ Tyr->Asp ) mutants all to have a comparable 
affinity of 20nM for NIP-CAP . 

A Western blot using an anri-genelll antibody showed 
the framework mutant had suffered significantly less 
proteolytic cleavage than scFvBia. 

Hence, the use of mutator strains generates a 
diverse range of mutants in phage antibodies when they 
are used as hosts for clones for gene III fusions. In 
this case some of the clones exhibit higher ELISA signals 
probably due to increased stability to proteolyic attack. 
The mutator strains can therefore be used to introduce 
diversity into a clone or population of clones. This 
diversity should generate clones with desirable 
characteristics such as a higher affinity or specificity. 
Such clones may then be selected following display of the 
proteins on phage. 

Example 39 Expression of a Fv Fragment on the Surface of 
Bacteriophage by Non-Covalent Association of VH and -VL 
domains 

This example shows that functional Fv fragments 
25 can be expressed on the surface of bacteriophage by non- 
covalent association of VH and VL domains. One chain is 
expressed as a gene III fusion and the other as a soluble 
polypeptide. Thus Fv fragments can be used for all the 
strategies discussed for Fab fragments including dual 
30 combinatorial -libraries (example. 26). 

A useful genetic selection system for stably 
associated Fv fragments could be established if the 
expression of Fv fragments as fusion proteins on the 
phage surface would be possible such that one V domain is 
3d fused to the gene III protein and the other V domain is 
expressed separately in secreted form, allowing it to 
associate with the V domain on the fusion protein 
provided the interaction strength is sufficiently high. 
This idea was tested in a model experiment using the V 
40 domains from the anti-hen egg lysozyme antibody D1.3 by 
fusing the D1.3 VK gene to gene III and separately 
expressing the Dl . 3 VH domain. 

Experimentally this was achieved as follows: The 
vector fd-DOGl was digested with the restriction enzymes 
45 PstI and Xhol . From the Fv expression plasmid pSWl- 
VHDl.3-VKDl.3myc version 2/pUC119 (Ward et ai . , 1989 
supra) a Pst 1/Xho I-digested restriction fragment was 
isolated that carries tne VH domain coding sequence 
( terminated by 2 stop codons > . a spacer region between VH 
30 and VK genes including r ibosome-oinding site for 

expression of the VK gene, a peiB leader sequence, and, 
following in frame, the VK gene. This fragment was 
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-ho riiaested fd-DOG vector to generate the 
cloned into -he As shown on the map in Fig. 45, 

construct- ""^^J*!^ / e on is transcribed from 
the dicisrtronic VH/VK "9 en ® ^ f the V H domain is 

the gene III promoter; s^etion or " n tion of the 
achieved by the gene III P™«xn pleader, sequence . 
VK-genelU fusion protein by the pex fd _ 
Po/contro, purposes a s ™^/ s ^ ilar route as 

insertion of a 200 bp Jrag*g* in ^ interrupting 

site at the junction of VH CD R 3/ FR4, it ±a knQwn 

the VH with several ^ J.^^f^sertion sufficiently 
from previous «rK^rt tlos 1 binding the 

disrupts the VH . struc ™*f__ ri eith er as a soluble Fv or 
antigen lysozyme wnen jessed either as^ ^ fr t 

single-chain Fv fragment f^j^f aa ^ a used as a control. 



—i mi- -I — ^— . #^-»-\ rr -1 — r T 1 f - i wri^3 uwwv 

on phage surtace. H Ther"the fd-tet Fv Dl.3, fd-tet 

TGI bacteria carrying either the to control 
Fv Dl.3 CdS-Stuffer) or as £i La S& culture 

fd-tet scFv Dl.3 plasmids were grown in ^ liq ^ ^ 

(medium 2xTY containing 15 ^J^rnSant . After 

produce P^^^.^^tSSatlon the phage 
removal of bacterial cells oy ± d by re -infecting 

titer in the supernatants wa [^^l^ltions of the 
exponentially growing ^^.^^i^.resistants colonies 
supernatants and scoring te * ra ^t a ?es Tne infectious 
after plating on .^^^i^*" tetR transducing 
Dhage titers achieved were ^ control fd-tet 

units/ml ^^%=i3 g ' e " J ^ transducing units/ml for Fv 
30 scFv Dl.3 ^ d ^ xl f lJ e ^ D YTant^ltBt Fv Dl.3 <*S- . 
phage constructs rd-tet Fv Di.J 

Stuffer). MMm » uas rjerfonned as in example 2. 

ELISa of hen egg 46 Phaae derived from 

The results are shown m ^9- 4b - * consTruC t fd-tet 
35 bacteria carrying and expressing _ ^J\ C ° n l™zvme, and 
Fv Dl.3 bind to the «bxlised hen egg indeed 

when taking the P na ?^ ^ale-chain Fv bearing phages 
apparently better than the single chain Tne 

produced by fd-tet scFv ^ H Requirement for a 

40 soecif icity of the taction ^ the req ^ f d _ tet Fv 
functional VH domain is d ™?™^ is JJ otion of the VH 
Dl.3 (^S-Stuffer) ^f™ 1 ^ 1 ^^ f^ent association 
domain and consequently 01 tne 

eliminates binding to lY 302 *™?- exoecte d structure of the 
45 As a final control _ or ^gg*** S „ as carrie d out. 

VK/genelH fusion protein a western ^ 
20 ul of phage suspensions aoplied to a 10% 

seauential precipitation* "^^Ited and then 

SDS-PAGE gel. ^^^ZLiSS, Millipore) in 
50 transferred to a PVDF ^ " aoparat us (Hoefer). 

a semi-dry Western - ar ;^ er app blocked by lh 

Remaining binding sites on tne filter were 
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incubation with 3% BSA in PBS, and detection of the gene 
III protein accomplished by incubation with a 1:1000 
diluted rabbit anti-genelll antiserum for 2h, several 
washes in PBS/0.1% Tween 20, incubation with peroxidase- 
5 conjugated goat anti-rat immunoglobulin antibodies, 
washes and development with the chromogenic substrate 
diaminobenzidine/CoCl 2 /0.03% H 2 0 2 . The Fv phage fd-tet 
Fv D1.3 yields a band for the gene III fusion protein 
( data not shown ) , that is intermediate in size between 

10 the bands obtained for a wild- type gene III protein from 
fd-DOGl and the scFv-gene III fusion protein from fd-tet 
scFv D1.3, thus proving the presence of a single 
immunoglobulin domain covalently fused to the gene III 
product int he Fv phage . 

15 In summary, Fv-gene III fusions in which one V 

domain is fused to the gene III protein and the other V 
domain associates non-covalently can be presented in 
functionally active form on the surface of filamentous 
phage. This opens the possibility to genetically select 

20 for stably associated Fv fragments with defined binding 
specificities from V gene libraries expressed in phages. 
Example 40 A PCR Based Technique for one step Cloning of 
Human V-genes as Fab Constructs 

This example describes a PCR based technique.- to 

25 "assemble" human Fabs by splicing together the heavy and 
light chain DNA with a separate piece of 'linker' DNA. A 
mixture of universal primers is used which should make 
the technique applicable to all human V-genes. 

The general technique for PCR assembly of human V- 

30 genes to create a Fab construct is described. The 
efficiency of this technique was assessed by 
"assembling", cloning and expressing a human anti rhesus- 
D (Rh-D) Fab from a IgG-K monoclonal hybridoma. We also 
demonstrate the potential to rescue human monoclonal 

35 antibodies from polyclonal cell populations by 
assembling, cloning, expressing and isolating an IgG- 
lambda monoclonal anti-Rh-D Fab from a polyclonal 
lymphoblastic cell line (LCL). 

The overall strategy for the PCR assembly is shown 

40 in fig. 47 and is described in more detail below. For Fab 
assembly, the VH-CH1 and VK-CK or V lambda-C lambda light 
chains are amplified from first strand cDNA and gel 
purified. Heavy and light chain DNA are then combined 
together with linker DNA and flanking oligonucleotides in 

45 a new PCR reaction. This results in a full length Fab 
construct since the 5 T end of the linker DNA is 
complementary to the 3 f end of the CHI domain and the 3 f 
end of the linker is complementary to the 5 1 end of the 
light chain domain. The linker DNA contains terminal 

50 residues of the human CHI domain, the bacterial leader 
sequence ( pelB ) for the light chain and the initial 
residues of the VK or V lambda light chain ffig.2). 
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• -Hp> Fab construct, is 
Finally, ^."^^SSi^STsin^id.. containing 
reamolified with ^xanKiuy ^ * 

restriction sites for cio ^ n 9- to develop the PCR 

2li^cleori^_pr^: ^ ord tQ design a new 

- cloning ot human V 9® n ® s n ^_^ucleotide primers. 

- range of human specific oligonucieo ^ ^ ^ VR and 

The PCR primers at uhe a e sequence 
Vlambda gene exon ( ^ ^^t^BB. (Kabat, E.A et 
data extracted from the ^ „ £ a r^inological Interest. 4th 
0 al, Sequences of Proteins of Immuno ^ Servi 

Edition. US Department of Heaitn chuchana , p., et 

1987) the EMBL database ■ the c unpub iished data. 

a i, Eur J. immuno^ 1990 20 13 l 

The sequence of the VH eu H primers with ,Sf il 

L5 in table 1 in additio^ ex-nded^^ ^ lQ) for 

sites at _tte_5^anfl assembly .___ 

adding a -• - 3 , prim ers (. t unwnrvw -< 

Table 10 also shows the J * of human V genes. 

designed for the PCR based on whet her a Fab or 
20 There are two sets oi : these ^pendi £ the forwar d 

scFv is to be produced. For t CH1 domain , CK 

primer was based at .the 3 end J the CK and C2 

domain and Clambda ^""^synthesized as extended 

FORWARD primers were also , sy 
25 versions with Notl sites at tnexr forwa rd primers and 
Primers complementary to the l, synthesized to 

the VkK and V lambda back prima rs y .^.^ 

permit generation of linker DNA % ab linker (Ta ble 10). 

p\asmid ^S^^fi^tion. the primers were 
30 Sterdirrntf tS^l linker sequence. 

A -^?!?iSntiaiiy rh ^:AX CT± " d ^ sss 

14 , ^ using o ^ =n ^ bri and hu man 

25 £IM l^obS cell lines were used. 

B r.DNA prepa ration ^ n +-al RNA in 20ul water was 

A^feolaiiHIy Minutes quenched on ice and added 

heated at 65 °C for 3 mi " utes ' ^ ltina in a 50ul reaction 
40 To I 30 ul taction mixture re s^^i ^ (pH8 @ 

mixture containing ^^^t 500uM deoxythymidine 
42°C), 8mM MgCl2, lOmM °ti, triphospha te, 500 uM 
diphosphate 500 uM deoxycyt osi » J rip P xyguan osine 
deoxyadenosine triphosphate a^nd bu 

45 triphosphate, 80 units °* hianan P imer (H ulgGl- 

" 5 and lOpmol of ^ e ^^^ucJfOR) . Two ui (50 units) 
4CH1F0R, HulgMFOR. HuCKFOF l Hucl^ se transcriptase 

of avian myeloblastosis f n cub ated at 42 'C for 1 hour 
was added, the reaction qU enched on ice and 

=0 heated to 100 'C ror 3 minutes, q 
centrifuged for 5 minutes. 
C Primary PCRs 
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For the primary PCR amplifications, an equimolar 
mixture of the appropriate family based BACK and FORWARD 
primers was used. (See specific examples 40a and 40b 
given later in this example). A 50ul reaction mixture 
5 was prepared containing 5ul of the supernatant from the 
cDNA synthesis, 20 pmol total concentration of the 
FORWARD primers, 250 uM dNTPs , 50mM KC1, lOOmM Tris. HC1 
(pH 8.3), 1.5 mM MgC12, 175ug/ml BSA and lul (5 units) 
Thermus aquaticus (Taq) DNA polymerase (Cetus, 
10 Emeryville, CA). The reaction mixture was overlaid with 
paraffin oil and subjected to 30 cycles of amplification 
using a Techne thermal cycler. The cycle was 94 °C for 1 
minute ( denaturation ) , 57 °C for 1 minute (annealing) and 
72 °C for 1 minute (extension). The product was analyzed 
15 by running 5ul on a 2% agarose gel. The remainder was 
extracted twice with ether, twice with phenol/chloroform, 
ethanol precipitated and resuspended in 50ul of H 2 0. 
D Preparation of linker 

To make the Fab linker DNA, 13 separate PCR 
20 reactions were performed using HulgGl-4CHlF0R and each of 
the reverse VK or V lambda oligonucleotides.. The 
template was approximately lng of pJM-lFab D1.3 (fig. 48) 
The PCR reaction reagents were as described above and the 
cycle was 94° :1 min, 45°:lmin and 72° :1 min. The linkers 
25 were analyzed on a 4% agarose gel, purified on a : 2% 
agarose gel, eluted from the gel on a Spin-X column and 
ethanol precipitated. 
E Assembly PCRs 

For PCR assembly of a human Fab approximately lug of 
30 a primary heavy chain amplification and lug of a primary 
light chain amplification were mixed with approximately 
250ng of the appropriate linker DNA in a PCR reaction 
mixture without primers and cycled 7 times (94°: 2 min, 
72°: 2. 5 min)" to join the fragments. The reaction mixture 
35 was then amplified for 25 cycles (94°:1 mi, 68°-72°:l 
min, 72°: 2. 5 min) after the addition of 20 pmol of the 
appropriate flanking BACK and FORWARD primers. 
F Adding Restriction Sites 

The assembled products were gel purified and 
40 reamplified for 25 cycles (94°:1 min, 55° :1 min,. 72°: 
25min) with the flanking oligonuceotides containing the 
appended restriction sites. PCR buffers and NTPs were as 
described previously. 

Specific examples of PCR assembly of human immunoglobulin 
45 genes 

a. PCR assembly of a Fab from a human hybridoma : the 
human monoclonal anti Rh-D cell lines Fog-1 ( IgG-k ) was 
derived from EBV transformation of the PBLs of a Rh-D 
negative blood donor immunized with Rh-D positive blood 
50 and has been previously described (Melamed, M.D., et al., 
J. Immunological Methods. 1987. 104:245) ( Hughes- Jones 
N.C., et al., Biochem. J. 1990. 268:135) (Gorick, B.D. et 
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, c -\ i-ntai RNA was prepared 
ai — Sang. 1988 - ^V l63 Lm a cells First strand 
?rom aoproximately ^'^^Tescribed above using the 
cDNA synthesis was pe .rf ormea as = aescr ^ 
Primers HulgGl-4CHlFOR ana HuCKFOR ; 

oerf ormed for the . v * ^ " 4CG J F0R and for the VK-CK 
HuVHBACK P^ er % a ; h d p f HuV KBACK Primers and'HuCKFOR. 
using a mixture of the o HuVKBW-k. p deS cribed above 
ilb construct was as / e N f tI led qel aS puri fied and ligated 
restricted with Sfil and . N °^' ?tt Ifil and Not I. The 
£S%JM-lFab D1.3 restricted with Sfi ent ^oli 

Sgation mixture was used 5° tran f e ° e too thpicked into 
O.6. cells. Ninety-s,x clones wer^ ^ ^ 
media in microtitre plate wf^J' « Fab was inaucea by 
30"C and then egression of ^ ^ by growing for 
■neat shocking at 42 C for 30 x clones were then 

4 hours at 37 ; C._ ^ 1 ^,, H1 . V as des cribed below.__ _ ^ 
screened for anu-«»- ----- -■ - r r,i vr.lonai i^- " 

b^assembl^ 

blood lymphocytes (PBLs) 
90 of approximately 10 7 Pf ripne "i 1 ^°°d with Rh-D positive 
20 lrom P a Rh^D negative donor plate d at a 

red blood cells. Tne ms> ;^7 v 10 5 cells per well, 
concentration of ^P^^^by screening the cells 
Positive wells were identified oy f the we ll 

25 harvested and then subcloned once ^ b Sing produced 
indicated that an ^f" 1 ^^ Spared from approximately 
At this stage, total RNA ^ p rep wa s - performed as 

10 6 cells. First strand = DN \J^2j HulgG l-4CGlFOR and 
Ascribed above using ^^^for the f -CH 1 
30 HuCLFOR. Primary PCRs were P b and H ulgGl-4 

using a mixture of tne \ HuVHBACKZ P r mixture of 

cS!?OR and for the V lambda-C pQj^ Restriction, 

^ e 7 huV BACK P^ merS Dr a o n c d ee 5a d as described. To 
cloning and screening P roC J^ % lone s , the VH and 
35 determine the diversity of t n lified , restricted 

lambda genes of 15 clones w ^R £ enzyine BstNl and 

positive (0R2R2) or ^7° ?pbS pH 7.3) were incubated 
phosphate Offered saline ^S' 1( f min ar 37 °C The 
with a papain s° lu "° n times in PBS and a 1% 

erythrocytes were was n n f ed er ^ r ^ cy te S was made up in PBS 
45 (vol/vol) suspension of erythrocyt alb 

supplemented with 1^^ /V °^ ai ° n treated erythrocyte 
( BSA). Fifty ul of ^ a P^pematant were placea in 
suspension and 50ul at : phage ^upern ^ 

the wells of round f ^ r £f££ tB shaker for 2 mm 
=0 slates were placed on a TIterteK P PBS/BSA was 

-° Sfter 15 min incubation at 7 c^O ^ . ^ ax 2Q0 g 

added to eacn well- ,he pia^e 
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for 1 min and the supernatant was discarded- The 
erythrocytes were resuspended in the remaining PBS/BSA 
and the Fab fragments were crosslinked by addition of 
the 9E10 monoclonal antibody ( 50ul a lug/ml solution in 
5 PBS/BSA) directed against the myc peptide tag (Ward, 
E.S., et al:, Nature 1989. supra). The plates were 
placed at room temperature ( RT ) until sedimentation had 
occurred. Agglutination of erthrocytes caused a diffuse 
button of erythrocytes and the results were evaluated 

10 macroscopically. Specificity was confirmed with a 
standard prepapainized ( as above ) panel of 9 erythrocyte 
suspensions in PBS (all suspensions blood group O, 4 D 
positive and 5 D negative) known to have homozygous 
expression of all the clinically relevant erythrocyte 

15 blood group alloantigens . The number of copies of the D 
antigen on the D positive cells varied between 10,000 and 
20,000 per erythrocyte depending on the Rh genotype. 
Briefly, 50 ul phage supernatant in PBS supplemented with 
2% (vol/vol) skimmed milk was mixed with 50 ul of a 2% 

20 erythrocyte suspension in PBS in glass tubes and 
incubated for 15 min at 37 °C. After one wash with 
PBS/BSA the erythrocytes were pelleted and resuspended in 
50 ul donkey anti-human lambda light chain (Sigma L9527, 
diluted 1:40 in PBS/BSA). The tubes were centrifuged for 

25 1 min at 200g and agglutination was read macroscopically 
using "tip and roll" method. 

Results 

30 a PGR assembly of a' Fab from a human hybridoma : A single 
band of the correct size was obtained after 
amplification. Thirty-eight of 96 clones (40%) screened 
specifically agglutinated Rh-D positive but not Rh-D 
negative red blood cells. The results demonstrate a high 

35 frequency of successful splicing in the assembly process 
and the potential of this technique for one step cloning 
of human hybridomas. 

b Assembly of human Fabs from a polyclonal lymphoblastic 
cell line ( LCL ) : Analysis of the diversity of the clones 

40 indicated that 3 different heavy chain families and 2 
different light chains families were present. Five anti- 
Rh-D specific clones were identified out of 96 screened. 
The VH and V X. chains had identical nucleotide sequences 
in each clone and were typical of anti-Rh-D V-genes 

45 ( unpublished results ) . The results demonstrate the 
potential of this technique to assemble, clone and 
isolate human antibody fragments from polyclonal cell 
populations (see also section on isolation of specific 
binding activities from an 1 unimmunized 1 human library 

50 ( examples 42 and 43 ) . 
Example 41 

Selection of Phage Displaying a Human Fab Fragment 
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Targe nvmb STof th'ey ar^ceU 

components^ cell ^^S^S^r '^^ 
surface antigens. These inci uoe antigens . in many 

and red and white blood cell *w±ac antibodies 
instances, it would be ^P ortai ^ le antibo dies directed 
against these antigens. For emie, red blood cells 
against the rhesus-D (Rh-D) ^^erapeutically. Many 

are used both ^ n0 ^^I ul t\ 0 %ifY and some, like 
of these ^tigens are difficult to p ± l Qlated fr0 m the 
Rh-D, are not biologically active wn ^ tQ 

membrane. Thus, « "°» ld fr ^ts 'displayed on the 
affinity purify antlb °l f S ly on cell surface 
surface of bacteriophage dxrectiy _^ ^ af£lnity 

antigens. To tea* s ^ rrace ~7 n Yigens; the anti-Rh-D 
purification on cell surtace aiy , d as a F ab 

Lman ^ clon l ^urSe ' b cteriopU fd. .The 
fragment on the surfa °J r hound antigen as determined 

Materials and Methods encodin g an anti-Rh-D Fab 

Construction of a clone enc * f the Fa b 

fragment in phagemid P HE " ^2,^? fd . 

fragment on the surface of bacter *° P h n J been previously 

9 The human hybridoma Fog-B has ; oe y i35 

described (N.C. Hughes -Jones et al JSSS y ^aTbinds 

(19901. " Pr° duces R a N n A ^^reoared from 10 7 hybridoma 
the Rh-D antigen. RNA was preu-a i «l . , s described 

cells using a modifi ed J£ Synthesized using 

in example 14) and 1st «" nQ ° DN ligt 5; chain primers 
specific immunoglobulin heavy and lig f CTT ATG 

(HuVHIFOR te^yoi^^f ^described in example 
AAG ATT CTG TAG GGG CCA C c J ) ^ amp iified from an 

14. The VH gene was su ° se ^r usina H uVH4aBACK and 
aliquot of the 1st strand cDNA . ^ H a v Aprimr 
HuVHIFOR. The V,V gene was amplified usi^ ^ ^ ^ 

specific f«58 (v ^ ' T 5 he PC R conditions were as 
CTG TGT TGA CGC AGC C-3 ) . The ^ were ana i yz ed 

described in example 40. Tje ^ v remainder was 

by running 5ul on a 2% ^ aro ^ ce g ^ th phenol /chloroform, 
extracted twice with !^ u ^ce wi in 50ul of H 2 0. The 
ethanol precipitated a * d ^esuspena Pstl and BstEII, and 
amplified VH DW . was d^*^ 1 ^ and EcoRl. The 
the amplified V*'?',™* a 2% aga rose gel, extracted 
fragments, were purified or L a 2* a J lig ated into the 
using Geneclean, ana se ue P£.i Fab D1.3 (Fig 48). 
soluble expression vector ^pJM 1 ^ initially 

Clones containing ^ M rre« verified by assay 

identified by restriction analysis a 
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of expressed soluble Fab ( see example 23 for induction 
conditions ) . The Fog-B Fab cassette was amplified from 
pJM-1 by PCR using HuVH4BACK-Sf i and Hu CA -Not, digested 
with the appropriate restriction enzymes and ligated into 
d pHENl . Clones containing the correct insert were 
identified initially by restriction analysis and 
subsequently by assay (see example 25 for induction 
conditions ) . 

Assay for soluble Fog-B Fab fragment and phage 
10 displayed Fog-B Fab fragment for anti-Rh-D activity and 
documentation of specificity. 

Assay of the soluble expressed Fab was performed on 
unconcentrated E.coli supernatant. Assay of Fog-B 
displayed on the phage surface was performed on phage 
15 that had been concentrated 10 fold by PEG precipitation 
and then resuspended in PBS. the assays for activity and 
specificity are as described in example. 

Cell surface affinity purification of phage 
displaying Fog-B anti-Rh-D Fab fragment 
20 Purified Fog-B phage was mixed with purified phage 

Fd-Tet CAT-1 displaying the anti-lysozyme scFv D1.3 
(pAbD1.3) in a ratio of approximately 1 Fog-B: 50 
scFvD1.3. Prepapainized erythrocytes ( OR2R2 [Rhesus 
positive] or Orr [Rhesus negative] ) were suspended in PBS 
25 supplemented with 2% skimmed milk powder in a 
concentration of 4xl07/ml. One ml of this suspension was 
mixed with 10 11 phage suspended in 2 ml of PBS 
supplemented with 2% skimmed milk and incubated; for 30 
min at room temperature under continuous rotation* The 
30 erythrocytes were washed three times with an excess of 
ice-cold PBS (10 ml per wash) and subsequently pelleted. 
The phage were eluted from the cells by resuspending in 
200 ul of 76 mM citric acid pH 2.8 in PBS for 1 min. The 
cells were then pelleted by centrif ugation for 1 min at 
35 3000 rpm and the supernatant containing the eluted phage 
was neutralized by adding 200 \il of 240 mM Tris-base, 
22mM Disodium hydrogen phosphate in 1% w/vol albumin. 
Serial dilutions of the eluate was used to infect TGI 
cells. Fog-B Fab phage were selected on ampicillin 
40 plates and scFvD1.3 phage on tetracycline plates and the 
titre of each determined prior to selection, after 
selection on rhesus-D negative cells and after selection 
on rhesus-D positive cells. 
Results 

45 Fog-B Fab fragment displayed on the surface of the 

phage derived from the phagemid pHEN clone specifically 
agglutinated rhesus-D positive but not rhesus D-negative 
red blood cells. Affinity purification of the Fog-1 Fab 
phagemid on Rh-D positive red blood cells resulted in an 

50 enrichment from 1:50 to 1500:1 (Fog-B Fab: scFvDl . 3 ) , 
whereas purification on Rh-D negative red blood cells 
demonstrated essentially no enrichment ( 10 fold ) . 
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TITRE RATIO 
Fog-B Fab SCPVD1.3 Fog-B FAb/scFvDl.3 



10 



15 



20 



25 



30 



35 



40 



45 



50 



Prior to selection 
Selection on Rh-D 
negative cells 
Selection on Rh-D 
positive cells 



1:50 
1:5 



1.0 x 108 5.0 x 10? 
2.0 x 10 4 1.0 x 10 3 

6.0 x 10* 4.0 x 103 1500:1 



Cloning oj 



H,,m»k scFv c onsults sira ilar to the assembly of 

Assembly ot human scF v^*^ To develop the PCR 

mouse scFvs described xn exa " l | le ne i ce * ssary t0 design a new 
cloning of human V ' genes ^ xt was ^ 

range of human spec3.fxc olxgo^ ^ ^ generation of 

10). Tne use r"-^" H ; oxamDle 40. The assemoxy ^ 
human Fabs is descrxbed xn example ires a set of 

human scFvs is ^ssentxally the same segments of the 

FORWARD primers ^f^f^ ( % r Fabs FORWARD primers 
vh, VK and V lambda genes. ^ used.) The J 

complementary to the .constant! based on the 
segment specific P;^™ n ^ s JJSS« (Rabat, E.A. et 
polished JH « J^^^.SS^ioal interest. 4th 
Iditx^r' s 3 Depart of Health and Human Servxces. 

1987 } in addition, a different F ^j%^%^^ 
than for Fabs so for human scFvs £^ f^J^tary to 
needed to prepare ^ ^M*-^* and v lambda back 
the JH forward P^mers and the ation o£ linker 

primers were ^St-plata containing 

BNA by PCR »^ llf ^ c **i on L O o£ Fiq P 49 ) . To ensure adequate 
the scFv linker (Jable 10 into the actual 

amplification, the Pf^J primer s to make the scFv 

linker sequence. Usin 9 th p e r S .f Mictions were performed 
linker DNA, " separate PCR in combina tion 

using each of the 4 J p e VK and V lambda 

o^nutSeoWd^ template w ^^L^ 

77:61 ] -f ic giiiipH nf_T° aegomhl y of a human^cFv 
A specxfxc e xampxe — ^ 

library Ascribes the generation of a human 

500ml of blood contain 1 ^? r ^Yunteer blood donor. 
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material from approximately 2 x 10 7 B-cells, was used for 
cDNA preparation as described in example 40. Heavy 
chains originating from IgG and IgM antibodies were kept 
separate by priming cDNA synthesis with either an IgG 
5 specific primer ( HulgGl -4CH1FOR ) or an IgM specific 
primer ( HulgMFOR ) . Aliquots of the cDNA was used to 
generate four separate scFv libraries (IgG-K, IgG-lambda, 
IgM-K and IgM-lambda ) as described in example 40, The 
resulting libraries were purified on 1.5% agarose, 
10 electroeluted and ethanol precipitated. For subsequent 
cloning, the K and lambda libraries were combined giving 
separate IgG and IgM libraries. 

Cloning of the library : The purified scFv fragments (1- 
4ug; were digested with the restriction enzymes NotI and 

15 either Sfil or Ncol. After digestion, the fragments were 
extracted with phenol /chloroform, ethanol precipitated. 
The digested fragments were ligated into either Sfil -NotI 
or NcoI-NotI digested, agarose gel electrophoresis 
purified pHENl DNA ( 6ug ) ( see example 24 ) , in a 100 pi 

20 ligation mix with 2,000 U T4 DNA ligase (New England 
Biolabs ) overnight at room temperature. The ligation mix 
was purified by phenol . extraction and ethanol 
precipitated. The ligated DNA was resuspended in 10 yl 
of water, and 2.5 \il samples were electroporated into 

25 E.coli TGI (50 pi). Cells were grown in 1 ml SOC for 1 
hr and then plated on 2 x TY medium with 100 pg/ml 
ampicillin and 1% glucose ( AMP-GLU ) , in 243 x 243 mm 
dishes (Nunc). After overnight growth colonies were 
scraped off the plates into 10 ml 2 x TY containing AMP- 

30 GLU and 15% glycerol for storage at -70°C as a library 
stock. 

Cloning into Sfil-NotI and NcoI-NotI digested pHENl 
yielded libraries of 10 7 and 2 x 10 7 clones respectively 
for the IgM libraries and approximately 5 x 10' clones 
25 for each of the two IgG libraries. 

Example 43 Isolation of binding activities from a library 
of scFvs from an unimmunized human 

The ability to select binding activities from human 

40 antibody libraries displayed on the surface of phage 
should prove even more important than isolation of 
binding activities from murine libraries. This is 
because the standard way of generating antibodies via 
hybridoma technology has not had the success with human 

45 antibodies that has been achieved with mouse. While in 
some instances it will be possible to make libraries from 
immunized humans, in many cases, it will not prove 
possible to immunize due :o toxicity or lack of 
availability of an appropriate immunogen or ethical 

50 considerations. Alternatively, binding activities could 
be isolated from libraries made from individuals with 
diseases in which therapeutic antibodies are generated by 
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However in many cases, the 
the immune response. ?° v <r VB ' locate d in the spleen 
antibody producing cells rfixx x of peripheral 

and not available l * * te "'^Sy 9 accessible material 
blood lymphocytes (the most easily ^ d±a 8 

5 SoS^ passion, therapeutic antibodies 

may not be produced. id be to isolate binding 

An alternative approach woul ^ d 

activities trom a llb "^ ls m J ased on estimates that a 

L0 individual. This WWJ^ « ant ibodies is. likely 

primary repertoire of 10 differen ^ ^ affin ^ y 

to recognize . .over 99% ot epi , p - relson , A .S. Immunol, 
constant of 10= or bjttef not produce high 
Rev , (1989) 110:5). While this y boos ted by 

15 affinity antibodies, ^^l^^ng the isolated VH 
mutation of the V-genes and/or^us^ g q£ Ught 

domain in a nier^^-^ 7" this section,, we demonstraT.* 
chains vice versa), in th^ss isolating spe cific 

the feasibility o^^'^'Sainst three different 
20 antigen binding activities g ^ ^ unimmunize d 
antigens from a library 
human. , , 

Materials- and Methods library used for 

25 the ^^S^biSiT^ti- — d " 

example is detailed in r ^/ 2 ^^^ 

after-selection by PGR ( examp ie sequence and is 

30 (which sits 5' of seauencing primer (-40 n) of 

identical to the r f ve J S p e xa ^f 3?) followed by digestion 
OUC19) and fd-SEQl ( see example J /) Ana i vsis of 48 

with the sequent-cutting enz^e BstNl ^ gQ% q£ 

clones from each selected library ± d t be 

35 the clones had inset. the BstNI restriction 

extremely diverse as judged oy 

pattern.. 11hrariBS for P nrichment experiments: 

fo-Tiscue Pnagemid panicles tr ^ inoculated 

40 TY containing ^~ G £ U < S ^ Q ® t he library (prepared m 
with 10 9 bacteria taken r om tn ^ shakin g 

example 42) (approx. 1C D and gr n if 4 K, 15 

17T Cells were spun down n7 . rl 2 x TY- 

Sn) and ^suspended in ^ * $ of VCS-M13 

45 SiS' (see example 41) ?J£atJ 30 min at 37' 

( Stratagene ) P^icles a ° de ° transferred to 900 ml 2 

without shaking, ueiis «e- /ml) and kanamycin (25 

x TY containing ampic.l^. ^uu ^y/ shaki ng at 

ug/ml) (AMP-KAN), ana c.w-n ^^d and concentrated by 

50 37-C. Phage particles ,ere ^1-^ and me thods ) and 

three PK-yrecipittti^ resistant 

resuspended in PBb ^ ^ 
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clones ) . 

Enrichment for phQx:BSA binders by selection on tubes : 
For enrichment, a 75 x 12 mm Nunc-immunotuoe (Maxisorp; 
Cat. No. 4-44202) was coated with 4 ml phOx:BSA (1 mg/ml; 
5 14 phOx per BSA in 50 mM NaHC03 pH 9.6 buffer; overnight 
at room temperature. After washing three times with PBS, 
the tube was incubated for 2 hr at 37 °C with PBS 
containing 2% Marvel (2% MPBS ) for blocking. Following 
three PBS washes, phagemid particles ( 10 x3 TU) in 4 ml of 

10 2% MPBS were added, incubated 30 min at room temperature 
on a rotating turntable and left for a further 1.5 hours. 
Tubes were then washed with 20 washes of PBS, 0.1% Tween 
20 and 20 washes PBS ( each washing step was performed by 
pouring buffer in and out immediately). Bound phage 

15 particles were eluted from the tube by adding 1 ml 100 mM 
triethylamine pH 11.5 and rotating for 15 min. The 
eluted material was immediately neutralised by adding 0 . 5 
ml 1.0 M Tris-HCl, pH 7.4 and vortexed. Phaae was stored 
at 4°C. 

20 Eluted phage (in 1.5 ml ) was used to infect 8 ml 

logarithmic growing E.coli TGI cells in 15 -ml 2 x TY 
medium, and plated on AMP-GLU plates as above yielding on 
average 10 7 phage infected colonies. 

For selection of phOxrBSA binders, the rescue- tube 

25 enrichment -plating cycle was repeated 4 times, after 
which phagemid clones were analysed for binding by ELISA. 
Enrichment for lysozyme binders by panning and - on 
columns : A petri dish (35 x 10 mm Falcon 3001 Tissue 
culture dish) was used for enrichment by panning. During 

30 all steps, the plates were rocked on an A600 rocking 
plate (Raven Scientific). Flares were coated overnight 
with 1 ml turkey egg white lysozyme ( 3 mg/ml ) in 50 mM 
sodium hydrogen carbonate ( pH 9-6), washed three times 
with 2 mi PBS , and blocked with 2 ml 2% MPBS at room 

35 temperature for 2 hours. After .three PBS washes 
approximately 10 12 TU phage particles in 1 ml 2% MPBS 
were added per plate, and left rocking for 2 hr at room 
temperature. Plates were washed for 5 min with 2 ml of 
the following solutions: 5 times PBS, PBS-Tween (0.02% 

40 Tween-20), 50 mM Tris-HCl ( pH 7.5) + 500 mM NaCl, 50 mM 
Tris-HCl ( pH 8.5) + 500 mM NaCl, 500 mM Tris-HCl ( pH 9.5) 
+ 500 mM NaCl and finally 50 mM sodium hydrogen carbonate 
pH 9.6 Bound phage particles were then eluted by adding 
1 ml 100 mM triethylamine pH 11.5 and rocking for 5 min 

45 before neutralising with 1 M Tris-HCl ( pH 7.4) (as- 
above). Alternatively, 1 ml turkey egg white lysozyme- 
Sepharose columns were used for affinity purification 
(McCaf ferry, J. , et al., Nature 1990. 348: 552) Columns 
were washed extensively with PBS , blocked with 15 ml 2% 

50 MPBS , and phage ! 10 i2 TU ) in 1 mi 2% MPBS loaded. After 
washing with 50 ml PBS , 10 ml PBS- Tween (PBS + 0.02% 
Tween-20), 5 mi of 50 mM Tris-HCl ( pH 7.5) + 500 mM NaCl, 
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5 rnM Tris-HCl 9pH 8.5) ♦ 500 mM Nag 5 ml of 50 mM Tris- 
Hcf( P H 9.5) + 50C , jM NaCl and 5 ^ 

^I'T^O^^li^ and neutralised with 1 

M Tri ?;f Uctl^of ~ « "sssi 

the rescue- tube ;«^«^S XI ? t2-«, ■ aftsr . which . 
column-plating cycle was r |P ea binding by ELISA. 
phagemid clones were analysed f or d y ELISA: clones 
* r JL- ^individual p haqemid clo j^^-— ^ particles 
resulting from reinfected ana p. lb \ nocu i at ed into 
SSted after 4 rounds °**^ < *g2% 1 "gZt*B (cell wells, 
150 ul of 2 x f 25 £p m ^overnight at 37'C. 

Nunclon), grown with shaking_(^uip ; ^ used to 

A 96-well plate «fi x ?^ r o£ ( t £ , Sernight cultures on 
inoculate approximately^ ul °£_tne^ ^.qu,. After 

the master plate into zuu ux r " { 0 8 o£u of VCS-M13 

"50 ul P 2 x J^^*^ 37 . ? 

was added to each well, and tne p 3?0(: for x 

for 45 Bin, followed by shaking the ^ pi ^ cells 

nr. Glucose was then removed by sP^nx^g & drawn 

?4K, 15 min), ^ as t r f in9 cens ^^(1 in 200 
out glass pasteur pipet. Cells ^ d rown 2 0 hr, 

uj- J^^uJSn^tS ^e-atant 9 containing 

S^as'taken for analysis by ELISA. 

f^fsis for binding to phOx^ BSA or lysozyme « 
performed by ELISA 1™"*™^^ white lysozyme 
phOx:BSA or BSA, or 3 »j/StiSf^£ cross reactivity to 
Ssed for coating. ^^"^^StmA clones was also 
unrelated antigens with the isoia Qf an 

determined by ELISA on plates coated wl anin ( KLH ) , 

irrelevant antigen (.^^Some C, thyroglobulin, 
S^ilSKSZS^^ dehydrogenase), or 

ipTcific clones isolated were rrelevant antigens as 
reactivity against a f»JJ» f tne clones was 

described above. Tn ® ^ ve 5 a S Ascribed above and at 
determined by PGR ^reening aS re s?^ction pattern were 
iS^by^i-S chafn termination method. 

After 4 rounds ot s^^^on clones originated from the 
isolated for P hOx:BSA. All cl °^° d 9 43 c i on t3 were 
IgM library. Of 96 clones |^ly s ed ^ ^ 

binding to both phOx:BSA and BSA, w are 
0.4 to 1.3 (background 0.12b). 
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designatea as BSA binders. The binding to BSA seemed to 
be specific, since none of the 11 clones analysed gave a 
signal above background when used in an ELISA with KLH, 
ovalbumin, cnymotrypsinogen , cytochrome 2. ivsozyme! 
5 thyroglobulin, GAP-DH, or trypsin inhibitor. "all " 3SA 
binding clones had the same BstNI restriction pattern, 
and 14 clones were completely sequenced. Thirteen of the 
fourteen clones had the same sequence, the VH was derived 
from a human VH3 family gene and the VL from a human V 

10 lambda 3 family gene (Table 1). The other BSA binder was 
derived from a human VH4 family gene and a human vkl 
family gene (data not shown j . 

One clone was isolated which bound to phOx:BSA only 
( OD 0.3), and bound phage could be completed off 

15 completely by adding 0.02 mM 4-6-amino-caproic acid 
methylene 2 - pheny 1 -oxazol - 5 -one ( phOx-CAP) as a 
competitor. Also no binding above background could be 
detected to the panel of irrelevant proteins described 
above. The sequence revealed a VH derived from a human 

20 VH1 family gene and a VL derived from a human V lambda 1 
family gene ( Table 11 ) . 

Isolation and characterisation of lysozyme binders : 
After 4 rounds of selection, 50 ELISA-positive clones 
were isolated for turkey lysozyme. The majority of the 

25 clones, greater than 95%, were from the IgM library. The 
binding to lysozyme seemed to be specific, since none of 
the clones analysed gave a signal above background when 
used in an ELISA with KLH , ovalbumin, chymotrypsinogen, 
cytochrome C, thyroglobulin, GAP-DH, or trypsin 

30 inhibitor. The lysozyme binding clones gave 3 different 
BstNI restriction patterns, and at least 2 clones from 
each restriction pattern were completely sequenced. The 
sequences indicated the presence of 4 unique human VH-VL 
combinations . ( Table 11 ) . 

3 5 Conclusion 

The results indicate that antigen binding activities 
cfen be isolated from repertoires of scFvs prepared- from 
IgM cDNA from human volunteers that have not been 
specifically immunized. 

40 Example 44 

Rescue of human IgM library using helper phage lacking 
gene 3 ( 6a3 ) 

This example describes the rescue of gene 3 fusions 
from a human library using a helper phage with a gene 3 
45 deletion. 

100 \il of bacterial stock of the IgM phagemid 
library prepared as described ( example 42 ) , containing 
oxl0 d bacteria, was used to inoculate lOOmls of 2xTY 
medium containing lOOpg/ml ampicillin, 2% alucose 
30 f TY/Amp/Glu ) . This was grown at 37 °C for 2.5 hours. 10 
mis of this culture was added to 90 mis of prewarmed 
TY/Amp/Glu and infection carried out by adding lOmls of a 
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- V nn hPiner phage lacking gene 3 
200 fold concentrate °* *° 7 J? 1 PJJ pn ^ for 1 hoU r 

(M13K07CIHANO.3) ( example 34 > and m3K07g iii Mo 3 

at 37 'C without shaking. pre para ft cen trifugation at 
„ as as described in example 34 - resuspe nded 
5 ^00 r.p,m. for 10 ^^J^Staining 100 ug/ml 
in 100 mis of 2 <c TY meaiu f the culture 

ampicillin (with no there^iS 1.9x10* infected 

t this point revealed that «£JJ ^ to grow on plates 
bacteria as judged bs their abili Y ^ ka 
10 containing ^oth ajpicilUn W 1 hour th 

( SOpg/ml). incubation was cont | n litres of 2xTY medium 
snaking before transfe 1^9" 2 5 kan amycin, 
containing 100ug/ml "P^ 1 /^. Vis culture was 
contained in f ive 2. 5 litx e tx nt prepared by 

15 incubated for 16 hojira. sup QQQ r . p . m . in a 

centrifugation. (10-15 ^utes ^ particles we re 

Sorvall rCdb ^'^"V/s^h volume of 20% polyethylene 
harvested by adding 1/ ^ voi ' m Jo C for 3 0 minutes and 
glycol, 2.5 M-NaCl, standxng^t * c pellet was 

centrifuging as above. The re ^ p ^ 7-4 „d 

resuspended in 40mls °* ^^^ifugation as above. The 
bacterial debris . removed by J^£b then re-precipitated, 
packaged phagemid P^rationjjas q£ 1QmM TriSf 

collected as above and resuspended preparatio n was 

0 ImM EDTA pH 7.4. The , a ._ illin resistance). 

JlSSo" transducing .^^^^^ as described 
Tubes coated with OX-BSA wet e £ £ id lib rary from 

in example VS«SS^S ^ 

Sref^ted -^^^^1 iSSi^^ 
were coated at overnight Tubes were blocked 

50mM NaHC03 pH9.6 at 37 C ^ and incub ated 

with PBS containing 2% P°™° libra ry (the equivalent 

with iml of the ™«cuea phagem^libr^ ^ 3mls 
, 5 of 250mls of culture supernatant^ neutralisat ion and 
PBS/M for 3 hours. ^Sff^^ie 45. * 

^1^^^^ OX-BSA yielded 

The first round or P an " ing . ^ plate with 1.4x10° 

40 2.8x10° Phage A large ^^/scraped into lOmls 
colonies derived f rom this e J at e minutes , aliquotea 

of 2xxTY , 20% glycerol shaken £ o inoculat e a fresh 

and stored. This was used { Bacteria and 

culture for rescue with M13K OTglli ing against 

d 5 rescued phage derived from ^"t or reS cued phage 

' OX-BSA are named 0XPAN1 B acter s are name a 

derived from second and third rou ™ y f pnage mid with 
0XPAN2 and OXPAN3 respectively) Rescue ^ P ^ 
Ml3K07glH No. 3 after each r volu mes for 

50 essentially as described aoove . but ■ * ? lml of he i P er 
the initial ^^OOu^s of 2xTY medium 
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containing lOOyg/mi ampicillin, 50pg/mi kanamycin. 
Second and third round panning streps were as described 
above for the first round, but using 0.8-1. Omls of 100 
fold concentrated phage (the equivalent of 80-100 mis of 
3 culture supernatant ) . The eiuate from the second round 
panning contained 8x10^ infectious particles and the 
eiuate from the third round panning contained 2.2x10^ 
infectious particles. 
Panning against thyroglobulin 
10 The first _ round panning against thyroglobulin 

yielded 2.52x10° infectious particles. Half of the 
eiuate was used to generate 1.26xl0 5 bacterial colonies 
on a large plate. These colonies were scraped into lOmls 
of 2xTY, 20% glycerol, shaken for 10 minutes, aliquoted 
15 and stored. These bacteria and rescued phage derived 
from them are termed THYPAN1, and used to inoculate a 
fresh culture for rescue with M13K07glII No. 3 to give a 
polyclonal rescued phage preparation. Material similarly 
derived from second and third round pannings are termed 

20 THYPAN2 and THYPAN3 respectively. Second and their round 
pannings with thyroglobulin were as described for second 
and third round OX-BSA panning. The eiuate from the 
second round panning contained 8xl0 7 transducing units 
and the eiuate from the third round panning contained 

25 6xl0 7 infectious particles. 

ELISA screening of clones derived by panning 

40 colonies derived form the third round of panning 
against thyroglobulin ( THYPAN3 ) were picked into a 96 
well plate and grown overnight at 37 °C in 200ul of 

30 TY/Amp/Glu. Similarly 48 colonies from two rounds and 48 
colonies from three rounds of panning against OX-BSA were 
grown ( 0X-PAN2 and 0X-PAN3). Polyclonal phage were 
prepared at the same time. Next day 5ul from each 
culture was transferred to lOOul of fresh prewarmed 

25 TY/Amp/Glu grown for 1.5 hours and M13K07gIII No. 3 added 
(2 x 10° infectious phage per well in lOOul of 
TY/Amp/Glu). these were incubated for 1 hour at 37 °C 
without shaking, centrifuged at 4,000 r.p.m. for 10 
minutes, resuspended in 150ul of 2xTY medium containing 

40 lOOyg/ml ampicillin and incubated for a further hour with 
shaking before adding to 2mls of medium containing 
lOOyg/ml ampicillin, 50pg/ml kanamycin. After overnight 
growth the cultures were centrifuged at 4,000 r.p.m. for 
10 minutes and the supernatants collected. ELISA plates 

45 used to screen THYPAN3 clones were coated at 37 °C 
overnight with 200pg/mi thyroglobulin in 50mM 
NaHC03pH9.6. Plates used for 0XPAN2 and 0XPAN3 were 
coated at 100ug/ml OX-BSA in PBS at 37 °C overnight. 

120vil of culture supernatant was mixed with 30ul of 

50 PBS , 10% milk powder and incubated at room temperature 

for 2 hours at room temperature. ELISAs were carried out 
as described in example 18. 
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- k nn 18 out of 40 clones were positive 
For thyrogxobuxxn, 18 out or control 

(0.3-2.0 O.D. after 30 " ll ^ ) Qf 0 .07 O.D.). In 
vector pCAT3) gave = ™~ n9 se en on the polyclonal 
Udition, .. positives ^ Q and THYPAN2 

» p o e ^Xar^,W ---.oT 5S 

fold concentration. digests were carried out on 

PGR reactions and BstNl dig ^ six differen t 

the positive clones " descry f d snowing tha t at 

patterns of DNA fragments were or. d> 
Last six different clones "ad jeen 30 of 48 

For 0X-BSA after ^./.^ gfter three rounds , 42 
clones were positive by ^SA ana iment , positive 

of 48 were positive. In 3 se P ar * he polyclonal phage 

signal wa=» w ~"rVn qrr od^ and OXFAnz k±./x/. — , 
preparations 0XPAN1 (C , 988 OD^ ^ non . panned 

compared with phage aerxv 3Q minu1:es . 

phagemid library (0.186 Q-d. J Qr QX . BSA 

!oe!ifjLcity_of^ 

Silictid clones U 1 ^y n f er | nt BstNl restriction 

BSA ) ^presenting each of the dx« to a L f 

digest patterns were assayed coated ^ 

irrelevant antigens. cn E ^** £ o3 pH 9.6) by overnight 
antigen ( 100 ul/ml x» M ^ -M J^J' a ^ igens consisted of 
incubation at 37 C Tne P<" hen eqg lysozyme, bovine 
keyhole limpet ^.? a ^ 0 J££J to , chymotrysinogen, 
serum albumin , ovalbumin f to =^°^ r aldehyde-3-phosphate 
trypsin, inhibitor : ^^ og [lll 1±n and oxazolone-BSA 

^^^^B^^o ^ ^ and 
fncuba^d S^lffi* -m -e ELISA was 

cSSed out as described ^J^ 1 ^ ' ic cl0 nes (11 from 

Each of the thyroglobulin speciiit- 
11, were positive for tnyrogl^bulin OD 0.12 , 0. ^ q£ 
after 60 minutes snowed no bl ™£* r \ y of the 5 OX-BSA 
the 9 irrelevant antxgens Sxmxia y pared tQ 0Ds < 

?tf\ or ?hr^r 3 el h ;vant n StJgeL . None of the 5 clones 

rounds of inning by rescuing with ^fjfg 1 ^ helpe r 
addition there is a [ J^n" more than one intact 
of generating phage Pf^cles «xt inC rease the 

afirtforprage^antilodies andV enable isolation of 

clones of weaker ^tisd-ty. ^ — - * 
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The D1.3 antibody binds hen egg iysozvme ( HEL) 
with an affinity constant of 4.5 ;t 10 'M" 1 whereas it 
binds_ turkey egg iysozvme (TEL) with an affinxtv of 
<lxlO ::) M" x . (Harper et ai (1987) Molecular Immunology 24 
= p97-108, Amit et ai (1986) Science 233 p747-753 ) . 

It has been suggested that this is because the 
glutamine residue present at position 121 of HEL \ glnl21 ) 
is representated by histidine residue at the same 
position in TEL. Thus mutagenising the D1.2 antibody 

10 residues which interact with glnl21 of HEL may facilitate 
binding to TEL. 

According to Amit et al, supra, tyrosine at amino 
acid position 32, phenylalanine at position 91 and 
tryptophan at position 92 of the light chain interact 

15 with ginl21 of HEL. In addition tyrosine at position 101 
of the heavy chain also interacts. None of these 
residues are predicted to be involved in determining the 
main chain conformation of the antibody variable regions 
fChothia and Lesk (1987) Journal of ~ Molecular Biology 

20 196, p901-917). 

Mutagenesis of pCAT3SCFvDl . 3 

The oligonucleotides mutL91,92, was prepared, too 
randomise phenylalanine at position 9 1" ( L91 ) and 
Tryptophan at position 92 ( L92 ) of the light chain. The 

25 oligonucleotides mutL32, was prepared to randomise 
tyrosine at light chain position 32 ( L32 ) and the 
oligonucleotides mutHlOl was prepared to randomise 
tyrosine at position 101 of the heavy chain ( H101 ) . 
mutL91, 92: 

20 5 ' CGT CCG AGG AGT ACT NNN NNN ATG TTG AC A GTA ATA 2 ' 
mutL32 : 

5 ' CTG ATA CCA TGC TAA NNN ATT GTG ATT ATT CCC 3 ' 
mutHlOl : 

5 T CCA GTA GTC AAG CCT NNN ATC TCT CTC TCT GGC 2 ' 

3 5 : N represents a random insertion of equal amounts of 

A,C,G or T) in vitro mutagenesis of the phagemid vector, 
pCAT3scFvDl . 2 (example 17) with the "oligonucleotide 
mutL91,92 was carried out using an in vitro mutagenesis 
kit ( Amersham The resultant DNA was transformed by 
40 electroporat ion into TGI cells using a 3io-Rad 
electroportor. 78,000 clones were obtained and these 
were scraped into 15mls of 2xTY/20% glycerol. This pool 
was called D1.3L91L92. Single stranded DNA was orepared 
by rescue with M13K07 as described in Sambrook" et al, 

4 5 1989 supra, and sequenced with the primer FDTSEQ1, using 

a Sequenase sequencing kit (United States Biochemical 
Corporation ) . 

This revealed that the DNA had been successfully 
mutagenised as judged by the presence of bands in all 
30 -four DNA sequencing tracks at the nucleotide positions 
encoding L91 and L92. This mutagenised single stranded 
DNA was subjected to a further round of mutagenesis, as 
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SSSfflST ^ -S^^ca^ci^ (Pool 

Suld D1-3H101). These clones werej J ^ , 
5 of 2xTY/20% glycerol. Single oligonuc ieotides J1.3L40 
each pool was °«£™^£^ a f%sGrib* above, and shown 
and LINKSEQ1 respectively, 
lo be correctly randomised. 

10 « CTG AGG AGA TTT TCC 3' 

^CC^GCC TGA ACC GCC J^^«i^vjffiifia£» fid 
Preparatj£nof__reBCued_j ^^ tro STiacir^utagenlsed 

^^^^^ 4 inoculate 5mls of 

i rniatP scrapes was useu ^ q7 o r After 2-3 
I 5 E^.^if 6 All bacterial growth was at ^7 C. A ^ warmed 

nou^'growthV 1ml was d"^^ 1 0 J"ST 5 "nis'of a 200 
T?/Glu/Amp and infec^ IV action prepa ration 
fold concentrate of the ni^ « hour Qf infec tion the 
?n described in example 34. *" e £ 0Q t m . for 10 minutes, 

S2 original culture volume. 

30 lOmg/ml in 0.1M ^ HC03 ; °' 5M ^ no Sen Bromide Activated 
equal volume of swollen J*»2?ly linke d and washed 
lepharose 4B ^f™^ Sections. Before use this 
according to manufacturers ± h lQ0 vo i U mes or PBS 

35 matrix ( TEL-Sepharose ) was washed wi TEL _ SepnaroS e was 
followed by 10 volumes of PBSM^ iml was adde a 

resuspended in an equal « P Qf phage in PBSM and 

to iml of a 50 f old concent rat e o | 9 ±nutes at roo „ 
incubated on a rotating Pl^f 1 d for this step was 
40 temperature. The ^^/^mes of the independent 
prepared by mixing equal ls (D1-3L9192 

preparations of the tnre binaing step, tne 

D1.3H101 and D1.3I32). After le polypr opylene 

suspensions were ^f^-f^J^d) and washed with 200 
45 column (Poly-Prep columns Bio Rad) ^ 

f e £e r s ali r £ Tc1 h ?V p\ates StSJ^oSSS? 

=0 ill cells and plated oux °" p ^ t ^f rryin g approximately 
ro? iC ccicSes ^fsSped Lis c £ 3=% 3 lvc=ercl 
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and stored at -70° C- lOul of this was used to initiate a 
second round culture which was rescued with M13K07gIIl/j 
No .3 as described above (using a final culture volume of 
iOOmls ) . Second and third, round affinity column 
z purification steps were carried out as described above 
for the first round. 
Analysis by ELISA 

40 colonies derived from the third round of column 
purification on TEL-Sepharose were picked into a 9 6 well 

10 plate and grown overnight at 37 °C in 200yl of TY/Amp/Glu. 
Phagemid particles were rescued and prepared for ELISA as 
described in example 18. ELISA plates were coated 
overnight at 37 °C with hen egg lysozyme ( HEL ) or turkey 
egg lysozyme (TEL) at a concentration of 200]ig/ml in 50mM 

15 NaHC03 ELISAs were carried out. as described in 

example 18. 

After 15 minutes incubation in substrate, 13 clones 
were found to be negative (OD<0.05 on HEL and TEL). In 
all positives, a signal of 0.1-0.78 was scored on HEL 

20 with the exception of one where signal on HEL was 0.078 
but signal on TEL ( OD 0.169) brought it in ; to the 
positive group. The control phagemid preparation had a 
percentage ratio of signal TEL; HEL of 22%. Clones were 
deemed to have an unaltered binding if the ratio of 

25 TEL: HEL was less than 40%. 9 clones fell into this 
category. 18 samples werd* scored as having altered 
binding with a ratio of signal on TEL: HEL of between 40- 
200%. 

A dilution series was made on 10 clones which were 

30 analysed by ELISA in 6 of these clones the profile of 
binding to HEL was the same as the original clone 
( pCAT3SCFvDl .3 ) while the signal with TEL was increased 
(see figure 50 clone Bl ) . In the remaining 4 clones, the 
increased signal with TEL was accompanied by a decrease 

35 in signal on HEL (see figure 50 clone A4 ) . 
Competition with soluble antigen 

All of the isolated clones retained binding to HEL 
to varying extents. In order to determine whether a 
soluble antigen could compete with the immobilised 

40 antigen, a parallel experiment was carried out, as above, 
but with the addition of hen egg lysozyme (Img/ml) to 
TEL-Sepharose before incubating with the phage 
preparation. This experiment was carried through 3 
rounds of column purification and 40 colonies were 

45 picked. None of these clones bound HEL or GEL 
demonstrating that the soluble antigen had been 
successful in competing our binding to the immobilised 
antigen. 
Example 46 

50 Modification of the Specificity of an Antibody by 
Replacement of the 7LK Domain cy a VLK library derived 
from an Unimmunisea Mouse 
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«o^ficitv is isolated it will 
When an ^ntiboay specificity propertie s 
nftpn b e desirable to alter This example 

oarScuSrly its affinity or specifi city ^ be 

Semonstrates that the domain derived form a 

altered by use of J *^ n f s er ^ nis me thod using dxaplay on 
repertoire of such domains, inis t of existing 

pSge would be awlxcaole ^ to im ^° ibody specificities 
monoclonal antibodies as «eu example shows that 

derived using phage antibodies. J" 1 specific for Hen 
replacement of the VI . domain of soTvDl P^ 
egqwhite . lysozyme ( HEL ) W1 £V witn bind also to 

allows selection of scFv f ^ menrs More generally this 
TurLy eggwhite ^ S ° Z J«* s ^ ' tha t specificities of 

experimental a ^^ f J^Z replacement of a variable 
antibodies can be modified ^ p^ ^ ^ nierarchica l 

and dives a turxnej. ^ __^„. ^-ir-i -M\es. 
Inn^oach to isolating antiooay f rom an existing 

aPPr ?he D1.3 heavy ^ain "as amplified ^ ^ pcR 

construct (pSWl-VHDl 3 Ward ^et ^y^ 9 the light chain 
v^ina the primers VH1BACK ana vnx ' der ived from 

SSSrs U amplified from a cDNA synthesized 
ine spleen of an unimmunised mouse, whi f . rst strand 

by using the MJKFONX P*^^^ amplification was 
as in example U. The suds q ^ ^ V K2BACK 

performed with the same f r °^ ar ° p D1-3 he avy chain with 
?Smer. The "^^LSJti by the signal chain 

L P liaht chain library was mw 

Fv liSer as Ascribed ^ example 14 sequen ces) 
Cloning the assembled PCR proau (pul i- through) 

was done after an additional PCR g and forward 
uXng a BACK primer .provijing" ApaLI si ^ . bed in 
^iis which contained a *°*\J\ CYL f ragmen ts were 
example 14. ApaLI /Not 1 diges^ fdCAT2 as in 

cloned into the similarly dl f t f n e n a , „ ere obtained after 
cionea j. k^io 3 transformations were MC1061 

35 SSSopiiatlo^Sf the ligation reaction into 

'^Screening of . the P^^S^^B^^ 
performed by panning Polystyrene bs (3 d 

40 coated (16 hrs) with 2 ml ot containing 2% 
blocked for 2 hrs with 4 ml ^ from the library 

skimmed milk powder). Pha geae (2%) were 

?5xl0 10 transducing unite in 2^ mi tempera ture. 

incubated in these tubes for 2 hrs at gQ ^ _ 

45 Se tubes were washed 3x wlth ^' 5t 2, Tris-HCl, pH8.5, 

Si, pH 7.5, 0.5 J NaCx; lx with 50 Finaily pnage 

0.5 M NaCl. 50 mM ^*-£\gJi* lami x*. Eluted phages 

were 

eluted with uu - , a were piateo on 

were taken to infect TG \ r e " s .' , tetracycline and grown 

medium and tne P l y 
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precipitation. After a second round of selection for TEL 
binders ELISAs were performed as described ( example 2 ) . 

Analysis of 100 clones from the library before 
affinity selection by ELISA on plates coated with TEL 
5 showed no binders. In contrast, after two rounds of 
selection for TEL binding phages about 10% of the phage 
clones showed positive ELISA signals. ELISA signals were 
scored positive with values at least two fold higher than 
the fdCAT2 vector without insert. A more detailed 
10 analysis of binding properties of TEL binding phages is 
shown in figure 51. 

As shown in figure 51, several clones were found 
which bind equally to TEL and HEL in contrast to the 
original D1.3 scFv, which binds almost exclusively to 
15 HEL. None of the clones bound to BSA. These findings 
indicate that the specificity of these scFvs was broader 
in comparison to D1.3, since both lysozymes (HEL and TEL) 
are recognized, but specificity for lysozyme was retained 
since other BSA was not recognized. The deduced amino 
20 acid sequences (derived by DNA sequencing) of two light 
chains from clones MF1 and M21, which correspond to 
clones 3 and 9 in figure 51 are shown in figure 52*. 

In the case of isolated antibodies the experimental 
approach as described in this study may be particularly 
25 useful if recognition of a wider range of different but 
closely related antigens is desired. For example, 
monoclonal antibodies against viral antigens viral 
antigens like V3 loop of HIV-1 gpl20 are in most cases 
quite specific for one particular virus isolate because 
30 of the variability in this part of the HIV-1 env gene. 
The modification of such antibodies in the way described 
in this example may lead to antibodies which cross react 
with a wider range of HIV-1 isolates, and would 
therefore be of potentially higher therapeutic or 
35 diagnostic value. 

A similar approach could be taken in which a light 
chain variable domain of desired properties is kept fixed 
and combined with a library of heavy chain variable 
domains. Some heavy chains, for example VHD1.3 retain 
40 binding activity as single domains. This may allow a 
strategy where VH domains are screened for binding 
activity when expressed on phage and then binding domains 
combined with a library of VL domains for selection of 
suitable light chain partners. 
45 Example 47 

Selection of a Phage Antibody Specificity by Binding to 
an Antigen attached to Magnetic Beads. Use of a 
Cleavable Reagent to allow elution of Bound Phage under 
Mild Conditions 

50 When a phage antibody binds to its antigen with high 

affinity or avidity it may not be possible to elute the 
phage antibody from, an affinity matrix with a molecule 
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re iated to the antigen. 2Tb." Roared 

suitable specific eluting molecule that can j? ^ 
in sufficiently hign ^entration tatwe specif ic 
necessary to use an elution meth od ^ ^ ome of 

to the antigen-antiboay complex. structure, 
the non-specific ^™%^£^J?^£L ax P H12 
for instance phage ^^^ r ^^j^ol . Biol. 36 387- 

TiSSiS was sss^s. ■ss^itoi, w hi = h 

do not disrupt phage structure deavable 
Target antigen was ^ot^lat^us^ 2 _ pnenyl _ 5 . 
biotinylation reagent. BSA con J"y a modified using a 
oxazolone (0. Makela et al. ^J^^ial group 
biotinylation reagent «^h^a ^cleava^^ ethyl . lf3 - 
(sulphosucciaimxu^ - v Y r VeT according to the 
dithiopropionate froa > Pie ^> b i"inylated antigen 
manufacturers instructions • ™ 1S °~* ic Y bea ds and the 
20 was bound to streptavidin co ^jd magneti c m netic 
complex used to bind phage streptavidin coa 

beads ( D ^i w / r 0 e x P B r s e A CO fn e ? m^PBS " with 2W of beads 
of biotinylated OX-BSA m 1 m± ™*' Free antigen 

for at least 1 hour at room t«perature Fr q£ ^ 

25 was removed by ^^f^, and an input of 17.5 

C r P of eX OxXTwL nt addef to 0 sTl of phage, in PBSM (PBS 

conta^g^ Si— ~"££? 3 dirked 

^■^"M ." against 

temper^ .£Stic heads we «S^tL^S 
MPC-E magnetic .^speration device ; ^."^ 2xl nour , 
in PBS containing 0.5% Tween zu, n minutes incubation 
2x 10 minutes) and phage eluted by 5 minutes ^ 

probed with the oligo NQ11CDR3 

^rSSra'l 'antihodv (This hyoridises 

elution procedure under mild cond * ^nucleotide 
advantageous method would ^ be to -£*™^e a nition 
sequence encoding ammo acids c °"j£gf"| otease between 
Sr^^^nsLted^^hr^tance a gene f or an 
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antibody fragment, and the sequence of the remainder of 
gene III. Examples of such highly specific proteases are 
Factor X and thrombin. After binding of the phage to an 
affinity matrix and elution to remove non-specific 
binding phage and weak binding phage, the strongly bound 
phage would be removed by washing the column with 
protease under conditions suitable for digestion at the 
cleavage site. This would cleave the antibody fragment 
from the phage particle eluting the phage. These phage 
would be expected to be infective since the only protease 
site should be the one specifically introduced. Strongly 
binding phage could then be recovered by infecting e.g. 
E.coli TGI cells. 
Example 48 

15 Use of Cell Selection to provide an Enriched Pool of 
Antigen Specific Antibody Genes, Application to reducing 
the Complexity of Repertoires of Antibody Fragment 
displayed on the Surface of Bacteriophage 

There are approximately 10 ±4 different combinations 
20 of heavy and light chains derived from the spleer\ of, an 
immunised mouse. If the random combinatorial approach is 
used to clone heavy and light chain fragments into a 
single vector to display scFv, Fv or Fab fragments, on 
phage, it is not a practical proposition to display all 
25 10 combinations. One approach, described in this 
example, to reducing the complexity is to clone genes 
only from antigen selected cells. (An alternative 
approach, which copes with the complexity is the dual 
combinatorial library described in example 26 ) . 
30 The immune system uses the binding of antigen by 

surface immunoglobulin to select the population of cells 
that respond to produce specific antibody. This approach 
of selecting antigen binding cells has been investigated 
to reduce the number of combinatorial possibilities and 
35 so increase the chance of recovering the original 
combination of heavy and. light chains. 

The immunological response to the hapten 4-hydroxy- 
3 - nitrophenyl acetic acid ( NP ) has been extensively 
studied. Since the primary immune response to NP uses 
40 only a single light chain the applicants were able to 
examine the use of the combinatorial method using a fixed 
light chain and a library of heavy chains to examine the 
frequencies genes that code for antibodies binding to NIP 
{ 4-hydroxy-3-iodo-5-nitrophenylacetic acid ) . The 
applicants have thus used this system to investigate the 
merits of selecting cell populations prior to making 
combinatorial libraries for display on phage. 
Methods 

2.1 Hapten con-juaates 
50 Chick gamma globulin (CGG, Sigma, Poole, UK) and 

Bovine serum albumen ( BSA , Boehringer, Mannheim, Germany) 
were conjugated with NP-O-succinimide or NlP-caproate-O- 
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succinimide iC^^J^JSSS^' B N ^e 

immunology 1966. 10: ^5- 492 ^ a e and added to proteins 
s were dissolved -n dimethyitonnci They were mixed with 

In 0.2 M sodium W*^™*^^ 4"C and then dialysed 
constant agitation for 16 hours at 4 hydrogen 
against several changes of 0.2 

carbonate. They ^ were tes ma de were NP 12 CGG, 

10 buffered saline (PBS). The con] 9 ^ subsequently 

10 SlP l0 BSA. The NI Piof^.^ion ki t purchased from 

1:3 . ^nnpal iniection ot xuu^iy 

FreunoT^uvant at. 10 weefcs ox age. 

20 were prepared as described b* Ga ^ igfl 3 _ 

TSalfre, G. and M ilstel "'/ wi t n ammonium chloride (Boyle, 
\l )m . Red cells «**%\l s l%l] ^nHhen cell selection was 
W Transplantation 1968.6.71) aria methoa described 

performed dead cells wet ^ ^oved by^ Boe hmer H and 
25 by von Boehmer ^.^ fL 973:1:273). The cells 
25 snortman, K, J. buffer^ saline (PBS) 1% 

were suspended in phosphage D ^ throughout all 

Bovine serum albumen 0.01* so kept at 4 c m 

cell selection procedures the cex± 

on this medium. 

- „ r.il solution coupled to streptavidin 

S2i. Oslo,._ Norway) by .ncu.at^lO^ ^ 



Dvnal, Oslo, Norway j uy ^ ith occasion*^ 

of blotinylated protein J or 1 hour 
agitation, and then washing fxve t*» ^ ^ ±n med 
antigen. The coupled beads ^wer ^ 
until required. F £r J » le « 10 firs t incubated for 30 
the cells (2-4xlO / /mD were ratl0 of 

40 minutes with uncoiled beads Specific binding. The 
1-1 to examine the degree or nony tube in a 

be ads were then ^« at £^ for 3-5 minutes The 
maqnetic device (MPC-E ~~J then in cubated with NIP- 
unbSund cells were removed and th en i ^ ratio of 
as BSA coupled magnetic beads, at a agi tation. The 

45 Tl:l, for 60 ^^^Jg^SgStJ as described 

alove. ^^^^^^^^P 
• ^ 0 -SL-SSTE 1 SSSST'cSi" c P ould be detect when 
counted Qr On h a e JJ^SSTS^rf-c. immunoglobulin positive 
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cells the cells were incubated with 20pg biotinylated 
goat anti-mouse polyvalent immunoglobulin (Sigma, Poole, 
UK). The cells were then washed twice with medium and 
added to streptavidivin coupled magnetic beads at a bead 
5 to cell ratio of 30:1, After 30 minutes incubation the 
beads and rosetted cells were separated by applying the 
magnetic device three times - taking the supernatant each 
time. 

2.4 DNA/cDNA preparation, PCR amplification and cloning 
10 DNA was prepared by a simple proteinase-K digest 

method that was particularly convenient for small numbers 
of cells (PCR Protocols: A Guide to Methods and 
Applications. Ed Innis M.A. , Gelfand D. H. , Sninsky J.J. 
and White T. J. Academic Press). RNA preparation and 

15 subsequent cDNA synthesis was performed as described by 
Gherardi et al ( Gherardi E . , Pannell R. and Milstein C. 
J. Immunol. Methods, 1990. 126:61-68). PCR and cloning 
of the heavy chain libraries was performed using the 
primers and conditions described by Ward et al (Ward, 

20 E.S., Gussow, D., Griffiths, A.D., Jones, P. J*, and 
Winter, G., Nature, 1989. 341: 544-546); 40 cycles of 
PCR amplification were performed. The VH and Fv 
expression vectors used were adapted from those 
previously described by Ward et al. They were both 

25 subcloned into pUC119 (Veira and Messing see later) and 
the Fv expression vector was modified to include a 
germline lambda-1 light chain (obtained as a gift from T. 
Simon (originally cloned by Siegfried Weiss, Basel 
Institute of Immunology)). THe vector is shown in Figure 

30 53. 

2.5 Expression and ELISA 

For screening single colonies were picked into 
individual wells of microtitre plates (Bibby) in 200pl 2 
x TY/Ampicillin 100pg/ml/0 . 1% glucose and then incubated 

35 at 37 °C for 5-6 hours with agitation, Isopropyl-p-D- 
thiogalactopyranoside ( IPTG, Sigma, Poole, UK) was then 
added to a final concentration of 1 mM and the incubation 
continued for a further 16 hours at 30°C before 
harvesting the supernatants. The wells of Falcon ELISA 

40 plates ( Becton Dickenson, N.J,, USA) were coated 
overnight at room temperature with NIP 10 -BSA ( 40pg/ml in 
PBS ) and then blocked with 2% skimmed milk powder in PBS 
for 2 hours at room temperature. The bacterial 
supernatants were added and incubated at room temperature 

45 for 1 hour and then the plates were washed three times 
with PBS. Peroxidase conjugated-Goat anti-mouse lambda- 
chain (Southern Biotechnology, Birmingham, USA) was added 
and again incubated for 1 hour at room temperature before 
washing six times with PBS and then developing with 2,2 f - 

50 Azino-bis ( 3-ethylbenzthiazoline-6-sulf onic acid) (Sigma, 
Poole,, UK) as the peroxidase substrate. The optical 
density ar 405nm was measured using a Thermomax 
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m icroplate . -a*- ^^^T^ 

after 30 manures. w eswi " , 97 

^c tag M a-^^J^S^snjfiasHa^^ 

^i-^jS- -JSEtTSTantxgen Jj£ c £° NIp _ BSA coated beads 
13 Less than 1% of cells bin d to Assessm ent of 

and the non-specific binding is each VH library 
Se proportion of expressed genes rr vH domains 

S!ng P western blotting showed that full 9 when RNA was 
were expressed in 95% l™*™)^*^ Qnl 60% (12/20) of 

used as the ^^g^SSct* cellS ° r • ?£s 
clones when DNA < eltMr * starting material. This 
soleen) was used as the parting many re . 

difference probably results fr °* g*J d with our primers 
L5 arranged pseudogenes^^ 

sSection^arthe level of transcript. ~ - 

variable — ^=^0^^ 
library were screened *<* *£g° scre ening ELISAs ; were 
that bound to NIP . Inj^i include those w^h an 
performed and P os ^ e \ e ait twice the background. The 
optical density of at lea ^ ^nsformed and the binding 

Approximately bivalent to sapling 

iHr °o\% £u r n :™^ p-^fs: rs r r bia^ el t h e 

^plilying °*fr- t «- ™^f n - ^13°™% recently 
repertoire to the reacting » ^ ted to give some bias 
immunised animal this would be expected ^ ^ 
towards the i™ u f ^ The ^ a ^ ^ ^ number of 
shows how powerful this _ seie « d at lea st 96 fold 

antigen specific ^ a immunisation is used 

:r n th R e NA ^^^^^"4 

— — d 

genetic starting mat erial- ^^^^face^mnHloSlobJi^ 

3 2 Comparison or — i P co ± 

45 ^^^Eleen cellu i a r basis of the selection 

To examine the ceiiui« ^tartinq material we 

achieved by using RNA ^^J^loUin positive 
depleted the spleen of s ur "f lyvale nt irammoglobuUn 

^^JTESS^ P--e ceils. -as 
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prepared from both surface immunoglobulin depleted and 
non-depleted factions of a spleen and VH libraries made 
from each. The ELISA results (Table 14) show that the 
number of positives is certainly not decreased by this 
5 depletion suggesting that the major portion of the 
selective effect of using RNA may come from surface 
immunoglobulin negative G-cells ( probably plasma cells ) . 
Conclusions 

The applicants have demonstrated the importance of 
10 the amplification of specific RNA produced by 
immunisation to enable binding activity to be obtained 
with any reasonable frequency from a combinatorial 
library. The applicants have also demonstrated an 

alternative strategy which mimics that of the immune 
15 system itself. Using a simple method of selecting for 
antigen binding cells gave comparable enrichment and has 
the added advantage of using a broader range of genes. 
At first sight the random combinatorial approach would 
appear unlikely to produce the original combination of 
20 heavy and light chain because of the vast diversity of 
the immunoglobulin genes. The applicants show here, 
however, that following immunisation, with a good 
antigen, 10% of the VH genes from total splenic RNA 
isolated come from antigen specific cells so the 
25 effective size of the repertoire is greatly reduced. 
This together with the fact that promiscuity of the heavy 
and light chains occurs ( examples 21 and 22 ) accounts for 
the fact that combinatorial system does produce antigen 
binding clones with reasonable frequency. The data also 
30 suggests that the bulk of the antigen specific RNA comes 
from surface immunoglobulin negative cells which are most 
likely plasma cells. 

The data also show that this simple method of 
antigen selection may be useful in reducing the 
35 complexity of the combinatorial library. In this case an 
enrichment of antigen specific genes of at least 56 fold 
has been achieved which in the normal case where heavy 
and light chains are unknown would result in a reduction 
of the complexity of the combinatorial library by a 
40 factor of over 3000. A further advantage of using 
antigen selected cells (and amplifying from DNA to reduce 
any bias due to the state of the cell ) is that this 
results in a broader range of antibody genes amplified. 
It may be that a simple cell selection such as that the 
45 applicants have described here in combination with phage 
selection would be ideal. From this example it can be 
seen that by combining cell and phage selection methods 
one could reasonably expect to screen all the 
combinations of heavy and light chain ( approximately 
50 4xlO i0 ) and would thus be able to screen all binding 
combinations although this would not, at present, be 
possible from whole spleen ( approximately 4xl0 14: 
combinations, assuming 50% B-cells ) . 
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* /ni *n from vector population 
Table 1. Enrichment of pAb (D1.3) tr om v 

INPUT RATIO* 



pAb:fd-CATl 

Single Round 
l:4xl0 3 
l:4xl0 4 
Tw o Rounds 
l:4xl0 4 



l:4xl0 6 
l:4xl0 7 



OUTPUT RATIO 

oligo b 
pAb: total phage 



43/124 
2/82 

197/372 
90/356^ 



ELISA C 

pAb: total 
phage 



27/183 
13/278 



enrichment' 




1.3xl0 3 _ 
l.OxlO 3 



Footnotes: a Approxim ately 10 12 phage with the stated 
ratio of pAb (D1.3) FDTPs/Bs were applied to 1 ml 
lysozyme-sepharose columns, washed and eluted. b TGl 
cells were infected with the eluted specific binding 
phage and plated onto TY-tet plates. After overnight 
incubation at 30-37'C, the plates were analysed by 
hybridisation to the 32 p , labelled oligonucleotide VH1F0R 
(Ward et al op cit) which is specific to pAb D1.3. 
Single colonies from overnight plates were grown, phage 
purified, and tested for lysozyme binding. ^Enrichment 
was calculated from the oligonucleotide probing data. 
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Table 2 Enrichment of pAb (D1.3) from mixed pAb population 



Input Ratiol 
( pAbDl . 3 : pAbNQll ) 


Output Ratio 2 
(pAb Dl. 3: Total phage) 


Enrichment 


Single Round 






1 : 2.5 x 10 4 


18/460 


0.98 x 10 3 


1 : 2.5 x 10 5 


3/770 


0.97 x 10 3 


1 : 2.5 x 10 6 


0/112 


- 


pAb NQ11 only 


0/460 


- 


Second Round 






1 : 2.5 x 10 4 


119/170 


1.75 x 10 4 


1 : 2.5 x 10 5 


101/130 


1.95 x 10 5 


1 : 2.5 x 10 6 


102/204 


1.26 x 10 6 


1 : 2.5 x 10 7 


0/274 




1 : 2.5 x 10 8 


0/209 




pAb NQ11 only- 


0/170 | 



Notes 

1. 10 10 phage applied to a lysozyme column as in table 
1. 

2. Plating of cells and probing with oligonucleotide as 
in table 1, except the oligonucleotide was 
D1.3CDR3A. 
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' Tab le 3: Enzyme activity of phage-enzyme 



Input 



ng of enzyme 
or No- of phage 



Rate 
(OD/hr) 



No. of 
molecules 
of Enzyme 
equivalent 
(xlCT 11 ) 
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Table 5 




WO 92/01047 PCT/GB91/01 134 

Soluble enzyme Phage enzyme 

(Data from Chaidarogiu £Data from this studv) 
et al 1988) 

phoArg!66 phoAlal 66 phoArg 1 66 phoAlal 66 

K m (uM) 12.7 1620 73 1070 

Relative K m 1 127 1 14.6 

Relative 1 0.397 1 0.360 

kcat 

Relative 1 0.0032 1 0.024 

kcat/Km 

Table 6. Kinetic parameters of soluble and phage-bound 
alkaline phosphatase. Relative values of k cat and K ra for the. 
soluble enzyme and for the phage enzyme were derived by 
comparing with the values for wild type enzyme (phoArgl66) and 
the phage-wild type enzyme (fdphoArgl66). 
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Enzvrne 

SAMPLE .mMJTPHA^^ 
(Construct:host) | PARTICLE 



fdphoArgl66 

TGI 
fdphoAlal66 

TGI 
fdphoAlal66 

•.K.S272 

fdCAT2: 

TG1_ 
fdCAT2: 
KS272 



(pmol 
23 

IT 

3~3 
576 



(pmol substrate 
converted/min) 



8695 

2111 
2505 

<T 
70 



SPECIHC 
ACTIVITY 
(mol substrate 
converted/mol 

hage/min) 
3700 

no 

1400 



<0.3 

IT 
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Table 8. Affinity chromatography of phage-enzvmes 



SAMPLE 


INFECTIVITY 


INPUT PHAGE 


OUTPUT PHAGE 




(Percentage of 


PARTICLE 


PARTICLE 




phage particles 


(xlO 9 ) 


(XlO 9 ) 




which are 








infectious ) 






fdphoArgl66 


0.37% 


5160 


30 


fdphoAIal66 


0.26% 


3040 


90 


fdCAT2 


4.75% 


4000 


2 
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lUb 



Nucleotide mutation 
(base position) 
308 

703 

706 

724 

725 

734 



Amino acid mutation Number 
Ala->Val (VH FR3) 
Tyr->Asp (VL CDR3) 
Ser-> Gly (VL CDR3) 

Gly->Ser (VL FR4) 

Gly-> Asp (VL FR4) 

Thr-> He (VL FR4) 



3 
1 
I 

21 
3 



Table 9 Mutations in scFvBIS selected by display on phage 
following growth in mutator strains 
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Table 12 

Enrichment of pAbNQll from pAbD1.3 background by 
affinity selection using Ox-BSA biotinyiated with a 
cleavabie reagent and binding to streptavidin magnetic 
beads 



Input Ratio 1 
(pAbD1.3:pAbNQll) 


Output Ratio- 
(pAb NQH: Total phaee) 


Enrichment 


2235:1 


/ 

61/197 


690 


22350:1 


5/202 


544 


1. 1.9xl0 10 phage in 0.5ml 
beads precoated with antigen 

2. Colonies probed with the 


mixed tor lhour with 5pl 
(OX-BSA). 
oligonucleotide NQ11CDR3 


streptavidin- magnetic 
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Table : Results of antigenic cell selection 



Total spleen cells 

Cells bound to 
uncoated beads 

Cells bound to N1P-BSA 
coated beads 



Number % <> f total 

of Cells cells 

4xl0 7 

0.8xl0 4 °- 02 



22x104 0.55 
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Tabie : Results of Fv NIP binding EUS As from selected cell populations: 



Cell Population 
DNA from total spleen 



Positives 



0/940 



* Degree of 
Enrichment 



RNA from total Spleen 



29/282 



>96 



DNA from antigen 
binding cells 



17/282 



>56 



Surface Ig Selection 



RNA from Surface Ig 
negative fraction 



8/94 



RNA from total Spleen 



4/94 



Degree of enrichment compared to total DNA. 
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CLAIMS 



10 



15 



20 



30 



35 



40 



45 



50 



^ ^ * n f nroducing a raultimeric member of a 

. a method ° f a P r °^" ng which me thod comprises : 
\ specific binding pair isopj, organ ism a first 

\ expressing in a "^f^, Member or a genetically 
polypeptide chain of said sbp membe ^ fused ^ a 

diverse population of ^at type o 1 P diS play package 
component of a secre * ed 5^"^ s a ?l polypeptide at the 
(rgdp) which thereby dls ^s*J£;J g S a recombinant 
surface of the package Sain of said multimer 

host organism a second po lyp< ^J**^ chains to come 
and causing or allowing the po lypept rgdp> at 

together to form said mu ^ e **J n P being expressed from 
least one of said ? ol ^Sf Q f *2 ng packaged using said 
nucleic acid that is «P abl e ° f h ^J c ma | eria l of each 
component therefor J^S^SS*^ T chain . 
l<*»id radp encodes a said poiypepxiu 

2 A method according to claim 1 wherein both .aid chain, 
are expressed in the sama host organise 

3. A method according ^^J/^jtt^^ 
3S5 ^al^~-S their respective 

nucleic acid, 

25 wherein^eS?^ 5 taid^- ^is 
expressed from a phage vector. 

5 . A method according to e^es'sedirom 

the helper phage. 

7 . a method according to ™<^£Z&%*£££!£ 
which comprises introducing a ™*°\^%>-% Tgar J m which 
said first polypeptide chain into a no a or 

expresses said second P°lYP*f lde e *pressTng said second 
introducing a vector capahla Jf express ^ 

Sprelses'said" firs? polypeptide chain. 

8. A method according to any one th • P-^^*,^ 
wherein each said ^^^^ pledged as a rgdp 
nucleic acid which lis capable ° £ ^ P M hereby encoding 
nucfeic^d^rboTh^a^polypVi^ chains are packaged 
in respective rgdps. 
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9 . A method according -to any one of the preceding claims 
wherein the nucleic acid encoding at least one of said 
first and second polypeptide chains is obtained from a 
library of nucleic acid including nucleic acid encoding 
said chain or a population of variants of said chain. 

10. A method according to claim 9 wherein both the first 
and second polypeptide chains are obtained from respective 
said libraries of nucleic acid. 



11. A method of producing a member of a specific binding 
pair (sbp) from a nucleic acid library including nucleic 
acid encoding said sbp member or a genetically diverse 
population of that type of sbp member, which method 

15 comprises: 

expressing in recombinant host cells polypeptides encoded 
by said library nucleic acid fused to a component of a 
secreted replicable genetic display package ( rgdp ) or in 
free form for association with a polypeptide component of 

20 said sbp member which is expressed as a fusion to said rgdp 

component, so that the rgdp displays said sbp member .in 
functional form at the surface of the package, said library 
nucleic acid being contained within the host cells in a 
form that is capable of being packaged using said rgdp 

25 component, whereby the genetic material of an rgdp 

displaying an sbp member contains nucleic acid encoding 
said sbp member or a polypeptide component thereof. 

12. A method of producing a member of a specific binding 
30 pair (sbp), which method comprises: 

expressing in recombinant host cells nucleic acid encoding 
said sbp member or a genetically diverse population of that 
type of sbp member, wherein the or each said sbp member or 
a polypeptide component thereof is expressed as a fusion 

3 5 with a component of a secreted replicable genetic display 

package (rgdp) which displays said sbp member at the 
surface of the package, nucleic acid encoding said sbp 
member or a polypeptide component thereof being contained 
within the host cell in a form that is capable of being 

40 packaged using said rgdp component, whereby the genetic 

material of the rgdp displaying said sbp member encodes 
said sbp member or a polypeptide component thereof, said 
host organism being a mutator strain which introduces 
genetic diversity into the sbp member to produce said mixed 

45 population. 

13. A method of producing a member of a specific binding 
pair (sbp), which method comprises: 

expressing in recombinant host cells nucleic acid encoding 
50 said sbp member or a genetically diverse population of that 

type of sbp member, wherein the or each said sbp member or 
a polypeptide component thereof is expressed as a fusion 
with a component of a secreted replicable genetic display 
package (rgdp) which displays said sbp member in functional 
5 5 form at the surface of the package, nucleic acid encoding 

said sbp member or a polypeptide component thereof being 
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contained within the host cell in ^^^1^1 
of being packaged using said I rgdp comp ^ r 
genetic material of the *9 ap | ide component thereof , 
Incodes said ^P. member « ^ c ? e rIophage capsid protein and 
said fusions ^J^l^ltla fusions in the absence of 

14 A method of producing a member of a specific binding 
pair (sbp) which m& ^°*°°™*£ S cils nucleic acid encoding 
expressing in ^^^^yf^ersB population of that 
said sbp member or a g^tically dive p ^ member r 

type of sbp member, " h n e . re ^ e ^ f °I S expressed as a fusion 
a polypeptide <^T^^SSr^l±o£>lB genetic display 
with a component of a secre 7 e ° il id sbp member at the 
parage (rgdp, ^J^Lc*£i 4™ 2**2, 

within the host cell in a f orm rnax £ th gen etic 

packaged using said rgdp ^^^^ encodes said 
Material of the rgdp Component thereof, said sbp 

sbp member or a P ol p e P tld ® thereof being expressed 

member or P^^ id \^r^on llf l helper phage, or 
from a phagemid as a ca P s m ld ^^^ genes, is used 

25 ^g^ ^ ^ 

nucleic acid- 

the helper phage. 
35 £S£ £^sit Y Ce i«o the sbp *e»ber nucleic acid. 



10 



15 



20 



member, ^ 0 _„ naed immunoglobulin genes 

1111 ^a P „ e S r nori-»wit h coA-ntary s*p 

45 ,iii> ^repertoire of an artificially rearranged 

fSSSS^o^ iS^Un -clog oene 

IViSureof any of (1)..(U). (Ill) and (iv>. 

homo!ogoX » i-""°Slobulin domain. 
M . A eethod according to any one of the preceding claims 



( iv ) 
50 (v) 
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wherein the rgdp is a bacteriophage, the host is a 
bacterium, and said component of the rgdp is a capsid 
protein for the bacteriophage. 

.5 20. A method according to claim 19 wherein the phage is 

a filamentous phage . 

21 . A method according to claim 20 wherein the phage is 
selected from the class I phages fd, M13, fl, ifl, ike, 

10 ZJ/Z, Ff and the class II phages Xf, Pfl and Pf3. 

22. A method according to claim 20 or claim 21 wherein 
said sbp member or polypeptide chain thereof is expressed 
as a fusion with the gene III capsid protein of phage fd 

15 or its counterpart in another filamentous phage. 

23. A method according to claim 22 wherein said sbp member 
or polypeptide chain thereof is inserted in the N-terminal 
region of the mature capsid protein downstream of a 

20 secretory leader peptide. 

24. A method according to any one of claims 19 to ^23 
wherein the host is E.coli. 

25 25. A method according to any one of the preceding claims 

wherein nucleic acid encoding an sbp member polypeptide is 
linked downstream to a viral capsid protein through a 
suppressible translational stop codon. 

30 26. A method according to any one of the preceding claims 

wherein the rgdps formed by said expression are selected 
or screened to provide an individual sbp member or a mixed 
population of said sbp members associated in their 
respective rgdps with nucleic acid encoding said sbp member 

3 5 or a polypeptide chain thereof. 

27. A method according to claim 26 wherein the rgdps are 
selected by affinity with a member complementary to said 
sbp member. 

40 

28. A method according to claim 27 which comprises 
recovering any rgdps bound to said second member by washing 
with an eluant . 

45 29. A method according to claim 28 wherein the eluant 

contains a molecule which competes with said rgdp for 
binding to the complementary sbp member. 



50 



30. A method according to any one of the claims 27 to 29 
wherein the rgdp is applied :o said complementary sbp 
member in the presence of a molecule which competes with 
said package for binding to said complementary sbp member. 

31. A method according to any one of claims 26 to 30, 
wherein nucleic acid derived from a selected or screened 
rgdp is used to express said sbp member or a fragment or 
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15 



privative thereof in a recombinant host organic. 

32 . A method according to =laf 31 ProvSe 
from one or more rgdps is _ taken a ^ ^ obt n 

encoding nucleic acid^n a further^ ^ alMlfln o£ sbp 

S^rorincfdLg^feic acid therefor. 

-51 nr claim 32 wherein the 

thereof. ~o 

-e claims 31 32 ana oo 

34. A method according ~ ^""^l/ derivative thereof 

or a diagnostic product. ^ ^ 

35. Recount host cells ^^^^ 

acid fragments comprxsxng fragment ^ q£ r spe cific 

20 diverse Po^a£« ^^Sp member or a polypeptide 
binding pair (sbp), eacn fusion with a 

component thereof being IJJPjg^ a genetic display 
component of a J*££ a £* d J^^ers are displayed on 
package (rgdp), so that s ^ ^ and the genetic 

25 !aterfal°o £ * ^e 3& ScodTthe associated sbp member or 
a Peptide component thereof. ^ 

36 . Recombinant host <=all= according ^^^i^S 
30 said type °f s bp ™r?i r st poIype^Tide chain of »hich 

sL-.srssssssr^s^ fused first ^ 

35 " chain in the rgdp. • d 

encod^V h it? ■£= g£ft£*g%5i 

defective form* 

3S . A bacterial host ceil containing a-----^ 
^rtiriercanbrobta^d-therefrom. 

39 . A bacterial '^i^^^J'JS^ 

40 A bacterial host cell according ^to claim 38o* g« 
Slgt^r^ counfeSrrK^e? filamentous phage. 
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41. Recombinant E.coli TGI M13K07 gill No, 3 ( NCTC 
12478) . 

42. A phage having the form of a replicable genetic 
5 display package displaying on its surface in functional 

form a member of a specific binding pair or a binding 
domain thereof. 



43. A kit for use in carrying out a method according to 
10 any one of claims 1 to 34 , said kit including: 

( i ) at least one vector having an origin of 
replication for single-stranded bacteriophage, 
a restriction site for insertion of nucleic acid 
encoding said sbp member or a polypeptide 

15 component thereof in the 5' end region of the 

mature coding sequence of a phage capsid protein , 
and with a secretory leader sequence upstream of 
said site which directs a fusion of the capsid 
protein and sbp polypeptide to the periplasmic 

20 space of a bacterial host; and 

( ii ) ancillary components required for carrying out 
the method. 
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Fig. 2 (i) 
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Fig. 5. 
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PStI 
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VHD1.3 
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E TV TI TCRASGN I HHYLAWY 
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VKD1.3 

GVPSRFSGS-GSGTQYSLKIW 
GGTG?IX3CCATCAAGGTTCAGTGGCAGT^ 

670 680 690 700 710 720 



SLQPEDFGSYYCQHFWSTPR 
AGCCTGC^CCB3AAGATTTTGGG 

730 740 " 750 760 770 780 

Myc Tag (TAQ1) 

TFGGGTKLEIKR R O K T. T F F 

A03TTCX3GTGGAGGGACCAAGCT^GAGATCAA^ 

790 800 810 820 830 840 

Xhol 

D L M * * 
GATCTGAATTAATAATGATCAAACGGT 

850 860 870 880 

ECORI 



SUBSTITUTE SHEET 



WO 92/01047 



PCT/GB91/01134 




■3 



Volume of phage supernatant (mis) 



Fig. 7. 




FDTSCFVD13(lys) 
FDTPs/Xhdys) 
FDTSCFVD13(BSA) 
FDTPs/XMBSA) 



° ° 0 200 400 600 800 1000 1200 
Coating concentration (ug/ml) 



SUBSTITUTE SHEET 



WO 92/01047 



%6 



PCT/GB91/01134 



Fig. 8. 



Cleavage 
Site 

fd -gene III f fd-CAT2 f fd-qenelll 

leader polylinker 1 

-1 + 1 + 2 
HSA QVQLQEL E I KRAAAE TV 
--CACAGTGCAcaggtccaacfgcaggagcf cgagafcaaacgggcggccGCAGAAACTGTT- 



ApaLI 



PsM Sad Xhol 



NofI 



Fig. 9. 



O.D. 405 nrn 




a)HEL b)TEL c)HUL d) BSA e) 
Antigen 



WO 92/01047 



PCI7GB91/01134 



Fig. 10. 
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Fig. 13. 



Q VQLQE SGGGL VQ P GG 
CAG GTG CAG CTG CAG GAG TCA GGA GGA GGC TTG GTA CAG CCT GGG GGT 
PstI 

SLRLSCATSGFTFSNY 
TCT CTG AGA CTC TCC TGT GCA ACT TCT GGG TTC ACC TTC AGT AAT TAC 

YMGWVRQPPGKALEWL 
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YCARGYDYGAWFAYWG 
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Fig. 16 (1) 
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Fig. 27. 
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